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ABSTRACT

This report summarizes the work accomplished during the first nine
months of the project. The program has been directed toward the
design and development of an isothermal contimuous flow calorimeter
capable of measuring the thermal characteristics of batteries undergoing
typical orbital cycling.

An isothermal continuous flow calorimeter was developed and
calibrated over the range of 0,10 to 1.00 watt which range is chara-
cteristic of the thermal ocutput of a six ampere-hour nickel-cadmium cell.
The thermal response was found to be linear in this range and the
instrument was sensitive to 0.0l watt.

A Gulton six ampere-hour prismatic nickel-cadmium battery complete
with an Adhydrode electrode was subjected to the following:

a) 79 cycles undergoing 25% depth of discharge and
a 110% recharge

b) 74 cycles undergoing 15% depth of discharge and
a 114% recharge

¢) 93 cycles undergoing 25% depth of discharge and

a 114% recharge




During the above testing the oxygen pressure in the cell and
the rate of heat generation by the cell was recorded. The enthalpy
changes (AH) corresponding to the reactions occurring during the
charge and discharge processes were calculated from the thermal data.
These values were in excellent agreement with the literature values
for these reactions.

In view of the successful operation of the instrument and the
findings to date, additional testing will be performed at various per-

centages of recharge and depths of discharge.
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I. INTRODUCTION

I The major purpose of this program is to train electrochemists to

perform research and solve problems in the space battery field. The

} problems are those specifically encountered by NASA's Goddard Space

Flight Center.

l During the first nine months of the project, work was performed

. as follows:

1) A literature survey into subjects of’calorimetny
and thermodynamics of electrochemical systems,
specifically nickel-cadmium batteries, was

; conducted.

2) An isothermal continuous flow calorimeter was
designed and constructed.

| 3) This calorimeter was calibrated.

4) A six ampere~hour Gulton prismatic nickel-cadmium
battery was tested under the following orbital
conditions:

a) 79 cycles undergoing 25% depth of
discharge and a 110% recharge

b) 74 cycles undergoing 15% depth of
discharge and a 114% recharge

¢) 93 cycles undergoing 25% depth of

discharge and a 114% recharge



5) Cell data such as oxygen pressure and the rate
of heat generation were collected and the
changes in enthalpy (AH) for the system under-

going the various processes were calculated.

IT. BACKGROUND AND LITERATURE REVIEW
1. Calorimeters (In General)

The design and construction of a suitable calorimeter is one of the
first problems encountered in measuring the thermal characteristics of
any system., During the past thirty years, descriptions of over two
hundred calorimeters have appeared in the literature. In his text
Experimental Thermochemistry, Skinner1 points out the principle factors
which influence the choice of calorimeter design:

(a) the rate of the reaction under investigation;

(b) the magnitude of the heat effect to be measured;

(¢) the temperature of the experiment;

(d) the level of accuracy it is desired to achieve;

(e) the nature and number of phases (gas, liquid, solid)
taking part in the reaction;

(f) the corrosive nature of the reactants;

(g) the pressure to be applied to the reactants during

the experiment.




The first factor is the most critical for it determines the
duration of the experiment. Fist (S 15 - 20 min.) and moderate speed
experiments are best studied in non-isothermal type calorimeters. In
these calorimeters the heat liberated (or absorbed) by the reaction
causes a proportional change in the temperature of the calorimeter.
Non-isothermal calorimeters are operated either under adiabatic con-
ditions, or with constant temperature environment. The adiabatic
calorimeters are used to investigate reactions of only moderate speed
while constant-temperature-environment calorimeters are used to investigate

fast reactions.

2. Constant-temperature-environment calorimeters
A constant-temperature-environment calorimeter is completely encased
in a jacket of constant and uniform temperature for the purpose of
defining the thermal head betweem the calorimeter and its surroundings.
Skinner2 states that, "in a well-designed calorimeter and jacket system,
the leakage modulus (degree/sec.) should be constant within limits of
about 2 percent, and as small as is practicable. The following points
of design should invariably be met:
(a) The jacket walls must be of uniform temperature through-
out the experiment.
(b) The outside surface of the calorimeter and the inner
surface of the jacket should be highly polished in order
to minimize heat transfer by radiatlion between them.
(¢) The air-gap between calorimeter and jacket should be

evacuated, if possible, to reduce transfer by conduction.



(d) If it is impracticable to evacuate the air-gap, this
should not at any point exceed about 12 mm in thickness,
in order to minimize transfer by convection.
(e) If the calorimeter contains a liquid, the stirring must
be good enough to insure uniformity of the calorimeter
temperature, and the stirring rate must be kept constant
to insure constant heat of stirring throughout the
experiment.
(f) If the calorimeter contains a liquid, it should preferably
be completely sealed, to prevent evaporation loss during
the experiments."2
3. Adiabatic Calorimeters
An adiabatic calorimeter operates by maintaining zero thermal head
between the calorimeter and its jacket. Because the task of matching
jacket and calorimeter temperatures is difficult, this type of calorimeter
is not used for fast reactions.

4, Isothermal Phase-change Calorimeters

The only true isothermal calorimeters are those which use a phase
change as a measure of the amount of heat produced by a reaction. The
most classical example of this type of calorimeter is the Bunsen ice
calorimeter. In this type one has ice and water in equilibrium in a
closed system and the heat liberated by the reaction produces a decrease
in the volume which is measurable. Another example of this type of
phase calorimeter is the liquid-vapor calorimeter which was developed by
Kraus et al.a for the measurement of the heats of solution of alkali

-metals and various metallic salts in boiling ammonia.

A%



In general this type of calorimeter limits to a great extent the 1
temperature at which the reactions can be investigated.
5. Continuous-flow liguid Calorimeters

This type of calorimeter is not exactly isothermal - it might be
more accurately described as "very nearly" isothermal. The phase
change type of calorimeter is the only pure isothermal calorimeter.

In a continuous flow liquid calorimeter the temperature of the liquid
is known and monitored as it enters the reaction chamber and passes
over the heat generating source. The outstanding advantage of this type
of calorimeter is that it isothermally measures the heat generated over
long periods of time.

In 1866, Callenderu used a continuous electrical calorimeter to
explore applications of a platinum thermometer. This first rough
apparatus consisted of a glass tube approximately 30 cm. long and 3 mm
in diameter through which passed a steady stream of water. The water
was heated by a platinum resistance heater which nearly fitted the tube.
A pair of mercury thermometers were used to measure the steady difference
in temperature between the inflowing and the outflowing water. The
electrical energy supplied to the heater was measured by potentiometriec
techniques.

Because of external heat losses, errors in electrical units, etc.
the results of these experiments were of little or no value. However
the series of preliminary experiments did suggest to Callender a
solution to one of the most basic problems confronting the science of
calorimetry, i.e. a lack of knowledge of the heat capacity of water
over its entire temperature range from 0° to 100° C. The heat capacities

could be determined by this new method of calorimetry, i.e. a continuous



or steady flow method in which a stream of liquid could be made to
contimously carry off a definite and measurable supply of heat.
In 1902, Barnes published a complete set of experimental values
for the heat capacity of water from 0° to 100o C determined with a
contimious-flow liquid calorimeter. The results were accurate to 1 part
in 10,000 of their true values.
The general theory of a continuous-.flow liquid calorimeter as
stated by Barnes is:
If we have a flow of liquid, Q per second, continuously
heated by an electrical current in a fine tube enclosed
in a vacuum-jacket, the walls of which are maintained
at the temperature of the liquid flowing into the fine
tube, then when equilibrium has been established,
Js Qt (01 - eo) + (81 - eo) ht = ECt
where
J is the mechanical equivalent of heat,
8 the specific heat of the liquid,
8 the temperature of the inflowing liquid,
61 the temperature of the outflowing liquid,
h the heat-loss per degree difference in
temperature between the surface of the fine

tube and the walls of the vacuum- jacket,

EC the electrical energy generated per sec., and

t the time of the flow.6




To further appreciate the method, a diagram of the contimuous-

flow liquid calorimeter in its simplest form is shown in Figure 1.
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Fig. 1. Diagram of Barnes' Contimious-flow liquid Calorimeter (Ref.5)
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In this diagram AB represents the fine tube in which
the water is heated while flowing through V, the vacuum-
jacket, and C & P, the inflow and outflow tubes
connected to AB, in which the thermometers are placed.
The water-jacket is shown at W, and includes the
vacuun- jacket and inflow tube C. The water enters
the calorimeter at E from a reservoir separate from
that supplying the water for the jacket, but main-
tained at the same temperature. The electric heating
current passes through the fine tube AB through a
platinum wire extending the whole length, but is
arranged so as not to generate heat in the vicinity
of the thermometer bulbs. The thermometer in C
measures the temperature Soof the inflowing water,
and that in P the temperature 01 of the outflowing
water, warmed by the passage of the electric

current.6



In 1922, Keys, Gillespie and Hetsukwi7 successfully applied the
principle of continuous flow calorimetry as developed by Callender
and Barnes to the determination of the heat of neutralization. The
principle of the method and the general apparatus are demonstrated in
the following procedure.

Two reservoirs containing the reacting liquids were placed in a
constant temperature bsth [¥F 0.1°C). Silver coils deliver the liquids
to a mixing calorimeter housed in a precision thermostat which was
controlled to ¥ 0,001°C. The difference in temperature between a
platinum thermometer in the mixing chamber and one in the precision
thermostat was a measure of the heat liberated as the reaction proceeded.

The above investigators, using hydrochloric acid and carbonate
free sodium hydroxide, found a heat of neutralization of 13,280 calories
per mole which agreed with the literature value for the same reaction.
However,this agreement was based on a correction factor being intro-
duced as was pointed out by Roughton in 1930.

The correction due to exchange of heat with the

surroundings was found to vary between 2 percent

and 6 percent, according as the velocity of the

fluid was varied from 3.6 cc. per second to 1.2 cc

per second.
Roughton was able to reduce this correction factor by immersing the
entire apparatus in a constant-temperature bath, by increasing the
velocity of the reactants to facilitate mixing in 0.01 secs, and by

increasing the sensitivity of the thermometers by using a more sensitive

galvanometer.
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These last two examples illustrate the development of liquid
flow calorimeters as well as calorimeters in general, i.e. the basic
purpose of all calorimeters is to measure heat and the best container
for so doing is dependent upon the nature of the reacting species with
the most accurate measurement being determined by the then available
instruments such as galvanometers, thermometers, constant-temperature
devices, etc.

In 1964, Caulder reported in his thesis the development of a liquid
flow calorimeter, "for the specific purpose of measuring the rate of heat
evolved during an operational cycle of a Ni-Cd electrochemical cell."9
The apparatus consisted of a stainless steel chamber large enough to
accommodate a nickel-cadmium battery and a calibration heater. This
chamber was surrounded by an air jacket which contained entrance and exit
tubes to the calorimeter. The calorimeter and air jacket surrounding it
were then immersed in a thermal ballast tank for isolating the system
from its surroundings. A liquid, either water or a light weight hydro-
carbon oil, was circulated through the system continuously passing over
the heat generating source. The temperature of the liquid was controlled
to 0.001°C via a heat exchanger placed in the thermal ballast tank
through which the liquid flowed before entering the top of the calorimeter.
At the entrance and exit ports of the calorimeter were placed the hot
and cold junctions of a twenty-junction copper-constant thermopile for
detecting any changes in the temperature as a result of the reaction
taking place,

External of this thermal ballast tank which contained (1) the
calorimeter; (2) air jacket; (3) heat exchanger and (4) the stirrer were

the devices for controlling the flow rate of the liquid and a constant-



temperature bath for regulating the temperature at which the experiment
would be performed (0-100°C).

The 1iquid was circulated throughout the entire system by a
constant volume metering pump which would draw the liquid from the
base of the thermal ballast tank and deliver it to the external heat
exchanger. From the external heat exchanger the liquid then proceeded
to a reservoir 8 feet above the instrument and from here via a gravity
feed into the internal heat exchanger in the thermal ballast tank,
thus completing the cycle.

Caulder calibrated this instrument in the region corresponding to
the heat liberated by a Ni-Cd battery, i.e. 0.1-1.0 watt. A typical
calibration experiment was performed hy passing a known amount of
current through a calibration heater (constantan wire) with a known
resistance and plotting the watts in against the microvolt signal output
from the 20 junction copper constantan thermopile. These experiments
were performed at several different temperatures (23°, 26°, 10°C) using
either water or oil as the liquid. In Table I appears the maximum
signal obtained for each set of conditions.

Another interesting observation from Table I is the comparison
of the results obtained by varying the flow rate of the oil. Instead
of the signal doubling when the flow rate was decreased by 50%, the
signal was cut in half.

Both of these abnormalities can probably be attributed to the
direction of the flow through the calorimeter. Also, it should be noted
that any trouble would most likely be seen during the oll experiments

since the accuracy and precision are much greater because of the low

specific heat of the oil.

- 10 -




TABLE I.

Caulder's Calibration Data

Temp. Media Flow Rate Wattage in Signal Out
(cal. heater)

23% o1l 2000cc/min 0.6 19 wv.
23%C oil 1000cc/min 1.0 8 uv.
26°c water 2200ce/min 14.0 67 wv.
10°¢C water 2200cc/min 14.0 67 uv.

* Beyond this point the response was no longer linear. This
effect is attributed to the positioning of the cold junction
of the thermopile at the top of the calorimeter with the flow
of liquid entering from the top, passing across the heater and
exiting via the bottom. That is to say, heat has a natural
tendency to rise thus affecting the readings obtained at the cold

Junctions of the thermopile.

-1l -




After completing the calibration experiments, Caulder reported
several heat profile experiments on Ni-Cd cells. At that time no dis-
cussion or interpretation of the results appeared.

Summary of Calorimeters

The controlling factors in the type and design of a calorimeter
are dictated by the nature of the reaction and the type of information
we desire to obtain from said reaction. Since in this report we are
concerned with the heats of reaction and the heat profile of nickel-
cadmium batteries under operating conditions of continuous charge and
discharge, all forms of non-isothermal calorimeters, such as adiabatic
calorimeters, are eliminated. In the case of non-isothermal calorimeters
any heat liberated by the reaction under study is additive. Over a
long term study, such as that equivalent to fifty orbits around the
earth, we would no longer be evaluating the reaction at 25°C but at
25°C plus the heat liberated during each orbit. However, because of
the temperature limiting capabilities of the isothermal phase calorimeter,
the choice is limited to the "very nearly isothermal™ continuous flow
calorimeter. It is for these reasons that the work was initiated by
constructing a continuous-flow liquid calorimeter similar to that
reported by Caulder with improvements in design in order to obtain greater
sensitivity,

Before passing directly into the construction of the calorimeter
and the experimental sections, additional background is furnished on
the particular type of cell which will be investigated and the

significance of the thermal data obtained from these investigations.

- 12 -




6. Nickel-Cadmium Batteries

The typical nickel-cadmium cell used in the space program is a
hermetically sealed cell containing alternate positive (nickel) and
negative (cadmium) plates separated by a single ply non-woven material.
The cell contains only enough electrolyte (potassium hydroxide) to
completely saturate the electrode separator pack. The interelectrode
distances are minimized to facilitate high rate operation and enhance
mass transfer from positive to negative electrodes during overcharge.

It is duriné overcharge that oxygen,generated from the positive plate,
migrates toward the negative plate. The oxygen is able to recombine
electrochemically with the cadmium electrode at the same rate at
which it is generated as long as the overcharge rate doesn't exceed
c/10 at 25°C. For most spacecraft applications a recharging rate
greater than c¢/10 is required to maintain a fully charged cell.

Charge control by voltage monitors, temperature sensors, and ampere-
hour integrators have been used in the past. These devices are bulky,
add extra weight to the spacecraft, and in certain instances have been
found to be unreliable.

A definite sudden shift in the voltage at the end of charging is
used to terminate the charging process in silver-cadmium cells, However
« o« o "for nickel-cadmium cells there is no sharp phase transition at
full charge since the nickel oxides are not present as discrete thermo-
dynamic compounds, but rather as solid solutions of nickel oxides varying
gradually in average valence, and hence potential, as the electrode
changes."lo In nickel-cadmium batteries the use of an auxiliary electrode
for controlling the charge rate has been described by Seiger, Shair, and

Ritterman.l1 One electrode of this type is called an Adhydrode. The




Adhydrode reacts with the oxygen liberated at the completion of
charging to generate a voltage signal which triggers a control circuit.
The manufacturer's description of a nickel-cadmium battery with
Adhydrode is given in Table II.
7. Adhydrode

The operation of the Adhydrode is explained by Seiger, Shair, and
Ritterman.ll

The Adhydrode is an electrode which contains hydrogen

atoms, interstitially as well as on its surface., When oxygen

reaches the surface of such an electrode, it is reduced by

reaction with hydrogen atoms. The Adhydrode mechanism occurs

on several catalytic materials at a potential of -0.8 volts

(NHE). . . . The electrochemical and chemical reactions

which are consistent with the experimental observations at the

potential of -0.8 V in a concentrated aqueous KOH colution at

room temperature are given by the following equations:

1) M0+ be™(M) &y LH(M) + LOH™

2.) o, + 4E(M) _ K o 2y

2 20

3.) 2040, + k4" 4 4OH™
A second electrode is required to supply the electrons to eqn. 1,
and also to maintain the potential. The appropriate potential

is obtained by connecting the auxiliary electrode to the negative
(Cd) electrode. . . o The overall process at the auxiliary
electrode (eqn. 3) indicates a consumption of water. The electro-

lyte in the neighborhood of the auxiliary electrode concentrates

so that a wick must be supplied to accelerate water transport.

- 14 -




TABLE II

Specifications for Adsorption Hydrogen
Electrode (6-Amp-Hr Cells)

AUXILIARY ELECTRODE

Number of auxiliary electrodes used per cell: one

Dimensions: Length 20.55 em
Width 1.79 cm
Thickness 0.066 cm

Location of auxiliary electrode in the cell: edge of the plate
pack on two sides and the bottom.
Internal impedence of auxiliary electrode with respect to
cadmium electrode: approximately 7 ohms.
Type of electrolyte wicking used for auxilliary electrode:
pellon (2505 Series).
NICKEL-CADMIUM ELECTRODES
Number of plates per cell: 9
Dimensions: Length 551 em
Width 4.80 cm
Thickness .084 cm (per plate)
Weight (dry): 72 gm for 9 plates
Weight of active material: 33.3 gm for 9 plates
Cadmium Plate

Number of Plates per cell: 10

Dimensions: Length 5.51 cm
Width 4.80 cm
Thickness 0.76 cm (per plate)

Weight (dry): 81 gm for 10 plate

Weight of active material: 39.0 gm for 10 plates

-15 -




According to eqn. 2, assuming this step to be rate

determining, the Adhydrode current ia will be dependent

upon the oxygen partial pressure.11
Many of the operating parameters of the Adhydrode have been described
by Sizemore.12 In his tests each battery was fitted with piezo-
resistive pressure transducer to correlate Adhydrode signal with the
oxygen pressure. The procedure for measuring the Adhydrode signal
was to place a known resistance externally across the Adhydrode and the
negative or cadmium electrode of the battery. The cells in the above
testl3 were evaluated using external auxiliary electrode resistances
varying from 0.5 ohms to 510 ohms. These tests indicated that the
maximum power point for a given pressure occurs when an euxiliary
electrode resistance of about 7 ohms was used. For a given pressure
(28 psia) and resistance (6.8 ohms) the Adhydrode signal was found to
increase with temperature, i.e. 0°C.- 150 mv, 25°C - 175 mv, and

40°C - 200 mv.

- 16 -




8. Thermodynamics and Electrochemical Calorimetry

The majority of electrochemical reactions are investigated under

equilibrium conditions, i.e. when no pressure-volume work is being psrformed

as the result of gas evolution or when no current is being passed
through the cell while e.m.f. data is being accumulated at various
temperatures. The enthalpy change (AH) for such reactions is then

calculated using the Gibbs-Helmholtz equation:

This method unfortunately yields no information about a cell undergaing
an irreversible thermodynamic reaction such as the discharge of a
nickel-cadmium battery. However, one is able to evaluate such a reaction
via the first law of thermodynamics (AE = q-w) which is not limited by
the reversibility of a process.lu Also, it is noted that by definition
any change in the enthalpy (AH) is equal to the change in internal
energy (AE) plus the pressure-volume work done (PV).
AH = AE + PV

However, for a hermetically sealed nickel-cadmium battery undergoing a
discharge reaction no PV work is performed.

Therefore, for the discharge reaction of the nickel-cadmium battery
the enthalpy charge (AH) is calculated from

AH = q - (electrical work)

where -q is the heat liberated by the reaction or system and detected
by the calorimeter and the electrical work is equal to the potential (V)
drop across the cell terminals while the cell is being discharged at a

constant current "I" such that W, = (¥)(I) = watts.
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From a thermochemical standpoint, the discharge process can be
represented by the following reaction as discussed by Metzger, Weinreb,

1
and Sherfey: 5

zm(oa)3 [s] + Cd Ms,a]=) 2Ni (0H)2 (s + cd (ou)2 sl

These authors used the literature 16 values for the standard molar heats
of formation of the reactants and products which are respectively
-162.1, 0.0. -128.6 and -133.3 keal mole™ . Then,applying Hess' Law,
they calculated the AH of the reaction as -66.3 kcal mole L or -33.1
kcal equiv-l.

There is very close agreement between this calculated value for the
discharge process and the experimental results obtained by several
investigators who applied the above technique to an adiabatic calorimeter.
These values are compared in Table III.

The authors, whose work is reported in Table III, chose an adiabatic
type of calorimeter because of its ease of construction and the type of
information being sought. However, if the task was to obtain heat profile
data for cycle after cycle, as well as enthalpy data, their choice would
very likely have been a continuous flow calorimeter in which heat is

not accumulsted from cycle to cycle.
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TABLE III.

Comparison of AH Values Obtained in

Several Adiabatic Calorimeters

Author Reference
Metzger, Weinreb, Sherfey #15
Metzger, Sherfey #17
Bruins, Caulder, Salkind #18

- 19 -

A kcal/equiv

33.2,32.8,32.7,32.6,31.8
33.0
33.1




III. APPARATUS

1. General Comments

On the basis of what has been reported in the literature it has
been concluded that the continuous flow calorimeter was most suited for
investigations of the heat effect of batteries which are subjected to
continuous orbital conditions. The contimuous flow calorimeter was
constructed using components available from a previous investigation
which was conducted in this Laboratory by S. M. Caulder under the
direction of J. M. Sherfey of NASA Space Flight Center, Greenbelt,
Maryland. A large number of improvements and alterations were made to
the original apparatus design of Sherfey, as described in Caulder's
thesis.9

2. Improvements and Modifications

a) The direction of liquid flow through the calorimeter was
reversed, that is, the oil was introduced at the bottom of the calorimeter
at which point it was sensed by the cold junction of the thermopile,
next it passed over the heat generating source (cell, heater) and finally
exiting at the top of the calorimeter where the hot junction of the
thermopile was positioned.

b) The number of copper-constantan couples in the thermopile
was increased from 20 to 25, thus increasing the sensitivity of same
and enabling one to detect a temperature difference of 0.00096°C.

¢) The junctions of the thermopile were positioned in the center
of the flow stream by fixing same with epoxy cement in a 0.75 in. diameter
acrylic pipe which is adjusted in and out by means of a stainless steel

"Conax" compression fitting which is fastened at the top and bottom of
the calorimeter.
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d) The internal diameter of the exit pipe on top of the
calorimeter was reduced from 2 in. to 1.5 in. so that it was the same
size as the entrance pipe at the bottom of the calorimeter.

e) A special fixture was constructed from Lucite for locating
the exact position of the battery and calibration heater at all times
in the calorimeter. See Fig. 2. 7

f) The constant level reservoir and 16 feet of pipe used to
deliver the liquid to and from the reservoir were eliminated. The
device had been used to maintain a constant flow of liquid through the
calorimeter which actually is a duplication of the function of the
constant volume metering pump.

g) Substitution of polyvinyl chloride pipes for previously used
cast iron pipes eliminated any by-products of corrosion from the system.

h) The sensitivity of measurement was increased by using
a light weight hydrocarbon oil‘ with a heat capacity lower than water.

The above engineering changes had the overall effect of increasing
the signal by a factor of 28. A signal of 220 microvolts for 1.0 watt
at 25°C in oil may be compared to Caulder's signal of 8 microvolts at
1.0 watt in oil at 23°C (see Table I). A more detailed discussion of
the results appears in the calibration experimental section. Before
proceeding into the experimental section a detailed discussion of the
components of the apparatus and their manner of construction are presented.
The apparatus consists of two separate systems: (1) the liquid circula-

ting system (Fig. 3) and (2) the electrical system (Fig. 9). The liquid

* Marcol 70 obtained from Humble 0il Co.
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FIGURE 2, LUCITE FIXTURE SHOWING POSITION
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circulating system then was subdivided into those components contained
in the thermal ballast tank and those external of it.
3. Internal Circulating System

a) Console

First, it was necessary to construct a console to house the thermal
ballast tank. The frame was fabricated from 1.25 in. "U™ shaped channel
steel sections to the dimension of 18 in. x 24 in. x 48 in. The floor of
the console consisted of two 0.75 in.-thick pieces of plywood separated
by 1.25 in. aif space which aided in insulating the thermal ballast tank
from the surroundings. The console was enclosed on four sides with
0.09 in. aluminmum sheet and covered with a 0.25 in.~thick aluminum plate.
Rising above the console for another 3.5 feet was steel channeling for
use as a supporting structure for mounting various devices such as
pulleys, electric motors, etc. The entire structure was then mounted on
casters for mobility.

Finally, before placing the thermal ballast tank in the console
it was wrapped with 2 in.-thick polyurethane foam. Any remaining air
spaces between the thermal ballast tank and the walls of the console
are filled with fiberglass insulation.

b) Thermal Ballast Tank (Figs. 4 & 5).

The function of the 40-gallon tank was to maintain the calorimeter
environment at the desired operating temperature. The tank was con-
structed from 0.06 in.-thick type 316 stainless steel. A partial partition
(Fig. 4) separates the tank into two compartments. The larger compartment
houses the calorimeter and its air jacket while the smaller contains the
heat exchanger and stirrer. The function of two compartments is to insure

proper mixing similar to the arrangement in a melting point apparatus.
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FIGURE 4, THERMAL BALLAST TANK -

TOP VIEW (Ref. 9)
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FIGURE 5, THERMAL BALLAST TANK

(Ref. 9)
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The tank is insulated as described above and all pipes having contact
with or passing through the walls of the tank are made of polyvinyl
chloride to minimize heat transfer.

c¢) Calorimeter (Fig. 6).

The calorimeter was constructed large enough so that the heat
generating device and calibration heater would not impede the flow of
the liquid nor make contact with the walls. However, at the same time
it was constructed as small as possible so that the rate of flow of the
oll was sufficiently rapid to maintain essentially isothermal conditions.
The calorimeter was fabricated from type 316 stainless steel 0.09 in.
thick in the form of a right circular cylinder 4.5 in. diameter and
6 in. high having a volume of 107.3 in.3 Centrally located on the bottom
plate was welded 1.5 in. diameter stainless steel tube approximately
5 in. long with an end threaded to which was attached a polyvinyl chloride
plumbing tee. The horizontal position on the tee received a 0.75 in.
diameter copper tube through which flowed the oil from the internal heat
exchanger. The vertical position on the tee received a center drilled
rubber stopper for positioning the cold junction of the thermopile which
was contained in a 0.75 in. diameter acrylic plpe. The top of the
calorimeter was a removable stainless steel 1lid which was secured by
stainless steel Screws and an O-ring compression seal. The O-ring seal
prevented leakage from the calorimeter into the air jacket chamber. A
2 in. stainless steel pipe 8 ins. in length threaded on one end was welded
to the center of the top plate. The internal diameter of this tube was
reduced to l.5 in. to correspond to the bottom tube and to concentrate

the heat bearing liquid on the thermopile. Attached to the end of this
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tube was a polyvinyl chloride plumbing tee. In the vertical opening

of the tee was placed a polyvinyl chloride cap for receiving a stainless
steel "Conax" compression fitting which was used for positioning the
hot junction of the thermopile with reference to the exit of the
calorimeter. In the horizontal opening was placed a 0.75 in. diameter
polyvinyl chloride pipe for returrming the heated liquid back to the
thermal ballast tank.

d) Air Jacket (Fig. 6)

The calorimeter is surrounded by an air jacket to minimize
heat transfer through the calorimeter wall. The outside surface of the
calorimeter and the inner surface of the air jacket are polished in
order to minimize heat transfer by radiation. The air jacket was
fabricated from type 316 stainless steel 0.12 in. thick in the form of a
right circular cylinder 8.0 in. diameter and 11 in. high. The bottom
plate of the jacket was welded to the calorimeter entrance tube approx-
imately 3 in. beneath the calorimeter. The 1lid of the air jacket was
designed so that it was removable and could slide up and down the exit
tube of the calorimeter. The lid is secured to the top of the alr jacket
by means of stainless steel screws and an O-ring seal. Also, there is
a O-ring compression seal around the exit pipe of the calorimeter and
the 1id of the jacket to prevent leakage from the thermal ballast tank
into the air jacket. Finally, four 12 in. long polyvinyl chloride
legs are mounted on the base of the air jacket to support it and the
calorimeter.

e) Internal Heat Exchanger (Figs. 3 & 7)

The internal heat exchanger provides a means of finally equili-

brating the inflowing oil from the external circulating system with the
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oil in the thermal ballast tank before it enters the calorimeter.

The heat exchanger was constructed by placing four 0.875 in. diameter
copper tubes into two éopper manifolds (Fig. 7). The bottom manifold
is connected to the external circulating system by a polyvinyl chloride
pipe which passed through the thermal ballast tank wall. The top
manifold is connected to the calorimeter by a copper tube coupling
device. The four copper tubes of the heat exchanger had 0.25-in.

holes drilled through them at 90° angles and 1.0 in. apart; 0.25 in.

by 0.25 in. solid copper rods which are notched at both ends and inserted
through these holes, passing through the tubes and having the notched
ends exposed on both sides of the tube. This arrangement serves to
baffle any oil being drawn up externally to the heat exchanger by the
action of the stirrer thus eliminating streamers of hot and cold oil
throughout the thermal ballast tank.

f) Stirrer (Fig. 3)

The stirrer is powered by 1/10 h.p. variable speed electric
motor which is mounted on the super structure of the console. A V-shaped
rubber belt passes between the motor and a wheel which is mounted on a
bearing housing. The bearing shaft is made of Bakelite and is coupled
to a 0.50 in. diameter stainless steel stirrer shaft which passes through
the center of the heat exchanger. On the bottom manifold of the heat
exchange there is a bronze bearing through which the shaft passes thus

eliminating whiplash. At the end of the stirrer shaft is mounted a

small brass propeller.
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INTERNAL HEAT EXCHANGER (Ref. 9)

FIGURE 7.
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4. External Circulating System

a) Pump (Fig. 3)

The oil is drawn off at the lower left side of the thermal
ballast tank (fig. 3) and passes through 0.75 in. diameter polyvinyl
chloride pipe to a pump. A 1/2 h.p. Milton Roy controlled volume pump
was used to circulate the oil through the system at a specified rate.
The capacity of the pump ranged up to 4400 ce/min and was adjustable
by varying the stroke of the plunger. Because this pump operated on a
70 cycle frequency it was possible to eliminate the constant level
reservoir which was previously used by Caulder9 in conjunction with the
pump to deliver a constant volume of liquid through the system.

b) Constant Temperature Bath

An Aminco Wide-Range Laboratory Bath was used because of its
wide temperature range capabilities (-29°C to +71°C). This bath could
be maintained within tO.OIOC. The oll passed from it through a polyvinyl
chloride pipe to the manifold of internal heat exchanger in the thermal
ballast tank where the final temperature equilibrating occurred.

c¢) External Heat Exchanger

By external is meant external to the thermal ballast tank.
This heat exchanger is located in the Aminco Wide-Range Laboratory Bath
and it equilibrates the oil to the approximate temperature of the
experiment before it enters the thermal ballast tank. It consists of
12 ft. of 0.75 in. copper tubing sectioned into two ft. lengths which
are connected by a series of elbows to form a path through which the

oll flows while in the Aminco Bath.




5. Electrical System
The electrical system is divided into two main systems: a)

the thermal measuring circuit and b) the calibration and cell testing
circuit.

a) Thermal Measuring Circuit

The thermal measuring circuit consists of a 25.junction
theriiopile; a microvolt amplifier (L & N Stabilized D-C Microvolt
Amplifier #9835-B) and a recorder (L & N Speedomax Type "G"). The function
of this circuit is to measure and record any changes in the temperature
of the oil flowing through the calorimeter. A 25-junction copper-
constantan thermopile was constructed using 60-in. lengths of No. 30
wire which were coated with enamel and encased in fiberglass insulation
(L & N #30-55-1 Cu -Const.). The construction of this thermopile proved
to be time consuming. In figure 8 is presented a diagram of the final
system which has been in operation for three continual months. Teflon
"spaghetti" was used to reinforce the wire and to protect it both
mechanically and chemically. The entire bundle of 25 junctions was
placed in 12-in. lengths of 0.75 diameter acrylic pipe and liquid Armstrong
C-7 epoxy was injected between each wire to fix its position. The
elaborate device was necessary in order to know the exact position of the
Jjunction with réference to the calorimeter and to insure that the
junctions do not short circuit with themselves or the sides of the stain-
less steel calorimeter. The emf. of the junction is 41.3 microvolts per
degree centrigrade per couple - this gives 1032 uv°3"1,for 25 couples,
The L & N microvolt amplifier is capable of detecting 1 microvolt, thus

enabling one to measure a difference of 0.0010 degree between junctions.
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b) Calibration & Cell Testing Circuit

The calibration and cell testing circuits (Fig. 9) jointly
share a constant current-constant voltage power supply (Kepco #CK 18-3M),
an automatic cycling device, and a millivolt potentiometer (L & N
#7553-5). The Kepco power supply is capable of maintaining a constant
current setting to 0.1% of its value. The power supply is then remotely
programmed through the automatic cycling device Figure 10. This device
facilitates the charging of the cell at constant current or constant
voltage and the discharging of the cell at constant current or constant
load. A K-3 microvolt potentiometer is used to measure accurately the
current as a function of the voltage drop across a 0,1 ohm resistor. From
this point the current proceeds through a switching panel to either the
calibration circuit or the cell testing circuit. The current is carried
by #16 polyvinyl chloride coated copper wires to a calibration heater
which is constructed from manganin wire and held in position by the Lucite
fixture shown in Figure 2. Manganin wire is used because of its fairly
constant resistance between 15°C and 35°C. In this range it has a
temperature coefficient of resistance of 1.0 x 10-50C-1. Finally two
more #16 polyvinyl chloride insulated copper wires are attached to the
heater for measuring the voltage drop across the heater. These voltage
measuring leads are then comnected to the K-3 potentiometer. No. 16
polyvinyl chloride coated copper leads are also used for the current
carrying and voltage measuring leads in this part of the circuit. The
voltage and amperage are recorded on a pair of Honeywell Electronik #17
Recorders. The amperage recorder has attached to it a polarity switching

relay device which switches the direction of current going to an

- 35 -



FIGURE 9.

CONS TANT
AMPERAGE OR
VOLTAGE POWER

CALIBRATION AND CELL TESTING CIRCUIT

SUPPLY
(+) (=)
CYCLING
DEVICE
(+) (=)
K-3
POTENTIOMETER 20,10
SWITCHING
@) © PANEL$) O AMP-HR
L INTEGRATOR
VOLTAGE |_| | POLARITY
RECORDER RELAY
| AMPERAGE
RECORDER
6.8 ADHYDRODE
T™ T w1 T VOLTAGE
e e e e
| 1 |
| |CALIBRATION v |
l WWWWWW 1= |
HEATER Cd |
| CELL |
L CALORIMETE |

- 36 -




AUTOMATIC CYCLING DEVICE

FIGURE 10.




ampere-hour integrator. The integrator is attached to a printer which
prints out the number of ampere-hours passing through the cell during
each charge and discharge cycle. A Mosely Autograph #680 millivolt
recorder is used to measure the voltage drop across a 6.8 ohm resistor
which is placed between the Adhydrode and negative terminal of the Ni.Cd
cell. This voltage signal is a direct indication of the oxygen pressure
in the cell.12 Finally, the automatic cycling device (Fig. 10) through

a series of relays connects to electric timers which control the length
of time of the charge and discharge cycles. Also, contained in the
cycling device is a voltage meter relay which could be programmed to trip

the cell out of the circuit when a certain voltage limit is reached.




IV. EXPERIMENTAL PROCEDURE
l. Calibration Experiments

In order to establish the ability of the contimuous flow
calorimeter described in Section III to detect the heat libergted or
absorbed by a cell, the instrument was calibrated in the region of 0.10
to 1.00 watt, which reglon corresponds to the heat liberated by a Ni.Cd
battery under typical orbital conditions. The experimental sequence was
initiated by placing a 6 AH Gulton Prismatic Battery in the Lucite fixture
(Figure 2) which also contains the manganin calibration heater. The
entire fixture was placed in the calorimeter and allowed to equilibrate
for at least 16 hours before the first measurement is made. A one ohm
resistor was placed across the terminal of the cell external of the
calorimeter. Then, a constant current from the Kepco Power Supply was
directed through the switching panel to the calibration heater. This
current was measured as the potential drop across a 0.1 ohm resistor by
the K-3 potentiometer. The wattage (W) generated by the calibration
heater was determined by

Ww=I%R
or, by multiplying the current by the voltage drop across the heater as
measured by the K-3 potentiometer.

The difference in temperature between the inflowing and outflowing
oil from the calorimeter produced by the calibration heater was detected
by the 25-junction thermopile. The output of the thermopile was fed into
the D. C. microvolt amplifier which, in turn, was fed into 0-20 mv.

range (L & N) Speedomax G recorder.
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A plot of watts vs. microvolts was obtained by performing
a series of these experiments in the range of 0.0 to 1.0 watt. Some
of the variables which effect the magnitude of this signal are (a) the
position of the thermopile, (b) the rate of flow of oil, and (c) the
duration of time the system has been seeking equilibrium. A detailed
discussion of these variables appears in the “"results"™ section of the
report.
2. Cell Conditioning
The cells were received from the manufacturer with a short

circuit strap across the terminals. The short circult strap was removed
and the cells were conditioned as follows:

a) charged at gﬁ or 0.6 amp for 16 hours;

b) discharged at g or 3.0 amps until a terminal

voltage of 1.0 was reached;
¢) short circuited through a 1.0 ohm resistor for
a minimum of 2 hours;

d) repeated step a, b, and c;

e) charge at gb or 0.6 amps for 16 hours.
At this point the cell is ready to start the cycling experiments with the
first step being a discharge cycle. The discharge step (b above) in the
cell conditioning served as a capacity check on the cell. A cell was

considered acceptable if it maintained a capacity in excess of 7.0 A-H.

3. Cyeling of Ni-Cd Cell in the Calorimeter

A previously conditioned cell was subjected to a series of
experiments which varied in depth of discharge, percentage recharge and
number of cycles. They were as follows:

a) Experimental Series A: The cell was discharged at 3.0

amps for 30 min. or 25§ depth. The cell was then charged at 1.65 amps
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for 60 minutes or to 110% recharge. This was repeated for 79 cycles.

b) Experimental Series B: The cell was discharged at 1.8
amps for 30 minutes or to a 15% depth. The cell was then charged at
0.99 amp for 62 min. or to 114% recharge. This was repeated for 74
cycles.

¢) Experimental Series C: The cell was discharged at 3.0
amps for 30 min. or to a 25% depth. The cell was then charged at 1.65
amps for 62 min. or 114% recharge. This was repeated for 93 cycles.

As a part of each experimental series a capacity check was run
during the last discharge cycle. The cell was discharged until a terminal
voltage of 1.0 V. was observéd. Finally a 1 ohm resistor was held across
the cell terminals for at least 2 hours. Then, before beginning the next
experimental series the cell was recharged for 16 hours at f% or 0.6 amp.

4. Determination of the Enthalpy Change (AH) of a Ni-Cd Cell
It is possible to determine the enthalpy change (AH) of the

Ni-Cd cell as noted before. Since the reaction is conducted in a
hermatically sealed cell then no PAV work is done and if a time in the
reaction is chosen such that no gas is being evolved then no VAP work is
performed. Under the above conditions of VAP and PAV equalling zero then
by definition AE = AH or

AH = gq-w
where w represents only electrical work and q the heat liberated or
absorbed. The electrical work done on or by the cell equals (I)(V) watts,
where V is the voltage across the cell and I is the current through it.
The heat liberated or absorbed during the cell reaction is recorded as
microvolts through the thermopile and these data are converted to watts

through the calibration curves. Finally, the rate of reaction is IF'l



equiv/sec, where F is the Faraday in amp.-sec/equiv. Thus, during
discharge

= K cal equiv

4,18 x 10* - I
with the use of the above equations it is possible to calculate the
enthalpy change (AH) for the cell reaction during either charging or
discharging. These equations must be modified to include a VAP term if
the calculations are performed during the evolution or reaction of
oxygen.

5. Determination of Oxygen Pressure During Cell Cyeling

Using the work of Sizemore'with the third electrode cell it is
possible to continually monitor the oxygen pressure in the cell.
Sizemore with the aid of a piezo-resistive pressure tranducer was able
to correlate the millivolt signal of the Adhydrode across a 6.8 ohm
resistor with the oxygen.pressure in the cell. The results of this

testing appears in the following table for the purpose of correlation.
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TABLE IVY

Adhydrode Signal vs. Oxygen Pressure

Voltage Oxygen Press, Voltage Oxygen Press.
(mv.) (P.S.I.A.) (mv.) (P.S.I.A.)
6.25 0.63 100.00 11.50
12,50 1.25 106.25 12,50
18.75. 1.75 112,50 13.50
25.00 2.50 118.75 14,60
31.25 3.13 125.00 15.25
37.50 3475 131.25 16.25
L3.75 4,75 137.50 17.50
50.00 5.13 143.75 18.75
56.25 6.13 150.00 20.00
62,50 6.85 156.25 21.20
68.75 7.50 162.50 22.90
75.00 8.50 168.75 24,75
81.25 9.00 175.00 26.30
87.50 10.00 181.25 28.70

93.75 11.00

Conditions: Temperature 25°C and Resistance 6.8 Ohms.
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V. RESULTS AND CONCLUSIONS

1. Calibration Experiments

Prior to the calibration experiments a considerable effort
was devoted to the physical design of the thermopile, calibration heater
and the positioning of each. The major difficulty involved was the
elimination of electrical short circults produced in the heater and the
thermopile by the elements of each making contact with themselves or the
walls of the calorimeter. The final versions of these devices appear in
Figures 2 and 8. Both the thermopile and calibration heater have been
in continmual successful service for several months. With everything in
working order, there were three remaining variables to be investigated
during the course of the experiments:

a) the position of the thermopile;

b) the flow rate of the oil; and

c) the length of time required for equilibrium to
be established.

A system of reference distances was used to evaluate the positions
of the thermopile and heater as indicgted in Figure 1l. It was found
that "y," the distance of the heater from the top of the calorimeter did
not affect the signal from the thermopile. Distance "x,"™ however, was
very critical and if it were more than several inches from the top of the
calorimeter, the thermopile would start sensing changes in the laboratory
such as the cycling of the air conditioner. Position "z" was the least
critical since this was the position of the cold junction of the thermopile
which was in equilibrium with the entire system. The final positions

which were used for all measurements appearing in this report are:

a) x=1"
b) y= 5"
c) z=2"
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The flow rate of the Marcol 70 0il through the calorimeter was varied

by changing the length of stroke of the piston of the Milton Roy

Constant Volume Metering Pump. A 20% stroke produces a 1000 cc/min. flow
rate, while a 40% stroke produces a 2000 cc/min. flow rate. In Table IV
are the results of these two flow rates. As would be expected, the
slower flow rate of 1000 cc/min. produces almost double the signal of

the fast flow rate of 2000 cc/min. A plot of the first four columns of
Table IV yields a straight line demonstrating the linearity of response
from 0.0 to 1,0 watt. However, these same graphs would also show that
this line does not intercept the origin. The deviation from the origin
and the lack of exact agreement between the signal from day to day was

an indication that complete equilibrium had not yet been established.

The system used to obtain the data in the first four columns was allowed
to equilibrate for 16 hours, whereas the system used to obtain data for
columns 5 and 6 was allowed to equilibrate for the better part of a week
before the data was collected. A graph of the data appearing in column 6
appears in Figure 12. In Figure 13, the base line signal of the
thermopile before the experimental series 8-24-40 was begun is represented.
The periodic fluctuations were the result of the external heating and
cooling of the Aminco Constant Temperature Bath. These fluctuations are
constant and predictable and do not interfere with the interpretation

of the results in any way. In Figure 14, the heat profile curve for

the experimental series 8-24-40 when the calibration heat generated 0.4

watts of energy is presented. The response time, that is, the time for the

S-

full signal to be registered once the heater has been activated, appears
in Table V.




TABLE V.

CALIBRATION DATA

Heater Signal Signal Signal Signal Signal Signal

(watts) (microvolt) (microvolt) (microvolt) (microvolt) (microvolt) (microvolt)

T-10-k0 7-11-20 T-14-140 7-15-20 8-23-40 8-24-k0
0il 11 2L 12 23 10 10
0.2 22 48 2L 48 20 19
0.3 33 70 33 T0 30 30
0.k L3 0 Ll 9k Lo g
0.5 56 115 55 113 50 51
0.6 67 140 } 66 140 60 59
0.7 78 155 76 158 70 70
0.8 0 175 88 175 80 81
0.9 103 200 95 193 0 91
1.0 113 220 105 213 100 100

Experimental Number: 1lst digit is the month
2nd digit is the day
3rd digit is the % stroke

20% stroke
40% stroke

1000 cc/min.
2000 cc/min.

- 47 -



WATTS

N

! [ i 1 REEE RS
I i1t !
PR . . P
" 1 g - - . S
Ll I 1 : :
Lol i e
- - ot S e
T N v .
o . i cacd i MR
: NES N I -
14l . . . N RO e
PR R - . . R o 1
N D e P IR R N S - ca- i
R [ sopfidsd 1 : e
= . LR e
MR U MDD P TT; - I DR SR W s i 1
I DRI BIDEE SEMMEN BRI B : IS B i Bt F RN
»w R R IRERE RRERE RRR S R iy
H B BRI § . ot A 4 T e
S R 1= o S b H‘,...LH
Lo M ROSE DO o o 0 SO . ﬁ = .
M : 1887 dhet : L
=+ - . . o S U
I 1DV 8 DR 1 e A
H L cifirot )| - - — ——
: - IR PRpE: : [ SR e 0 FRORS SHaH PG MR
, : D 08 b - & SRa A0 S DI S 1 (DU A
! : w S 4 S igagd S0E Eaaas PRERY Spe SR 110

[RGy SN

+ . .
: RS SRR & IR EESES $5854 I RIS S EEEE Eats FESEs HHES
: SEERE EEREE 7258 LHREE SRass bé . e
i S e — - = : s .
, N - -t
+ .. - . - . - - - ——
88 Bhwi - : ,
7l S :
, RIS DEEEE EEERN SESES . : :
.Qv JEPUREIND SN ERAUGNNR S - :
o EEE EERES SRS oAb
T -
‘s H o - .. : .‘
-t : b .
= SRS FERES Shn babid .
A‘4I. — - ~ - — ORI — -
E SRR (R EEEE EEH EEE T B g h SR e
H [ES LEEES S=tul ERCUE EOSEE Soass : : :
T : - 2 TS SHN SIS e R
b D H e B & % : :
H I EEEEE tEES SREE HA0s o i : ]
: BEEE feoe : S B R SERUSTRREE SERRE SRS SETT= Fhpe
H EECEE EERRY EIERS SERES Evabh Leadd b - b LR EERES SIS S = g
H ISSSE SEEEE EERRE CRRSE SOSRE Sattn Sogs i i S A S B
- SRS IR TR 158 T BES S SR r.“m“l, i buabs
o 3 S o * S FEt
& T L ERRES SEEEE EESUL PASRS FRats flpus
i e 3 SR
JEEES Ses : FRENE BUREE SENE= EERES FEEES Seuss Ipnts apes
e e PRSI B - .4 - R .
S ESS58 SREES B . -1 RS FEEES ERtas S0 : -
[ SOS00 HAOSE N L i RO [OuE SRDES SSOSE DI
7 (GBS PREEE N : N O P EEs RR T
o B v v.. - : i T ot : 1107
ﬁ B sheet Hoe:

80 90 100
MICROVOLTS

LOog STROKE

FIGURE 12 CALIBRATION CURVE FOR

48 .




TITJOMIIHL 40 TYNDIS ENTT Asva T FdnOLI

Ll
-
-
2
3

S eR
-

r.wuw_i 4SS

00l

09
SLIOAOHDIN

ov

R

0¢




SIIVA 4°0 404 FITI0Ud IVIH 1 TUNDIL

o8

09
S170AOQHOINW

ot

0¢ 0

w A.A - —_ -r .m T T A_“_l_ﬁ _
‘ ’ : : w e
4 T¥aIp PR BT 7
| g & |
i TR LR AR
hd in i RERRER L BARNEEE
| HEEimELn 1l
ARSI HEEER i Sl REERERARY
o T i L w in ~:
MU RN e | |
G P AL ATRER il _j“ | ARARY
SN e h i G
adel ||| LAH T | T
0 ¢ L | ERERY R SRNRARRRRERE
I mﬁllfgn@m b JOTHILVIHT, o ‘ D) w_;‘_ . ﬁv_, N
TN RERRRREAN ERERE SRRRRRRERE SIRRRE A_‘ H
N RARRE Ranabenk e
o : y
i M»ML __. )
I N | | R NEN
! i __.M“* “‘ u_ M. w_ | | !
T
T _
i |
] g b . I ) .

- 50 -




. _ -

o T ———

TABLE VI- RESPONSE TIME

Signal
(microvolts)

20 uv

34 uv
40 puv
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% of Total

50%
85%
100%



2. Cyelin eriments

Table VI gives the oxygen pressure, change in enthalpy, and
thermal data at specific times during the 18th orbit of each experimental
series. This Table is a condensed form of the Tables appearing in the
Appendix which contain calculations of the above data at each five minute
interval in the cycle. The 18th orbit was chosen because this occurs
approximately 24 hours after the series was initiated, which time was
sufficient for a steady state condition to be established in the cell.
The steady state condition was substantiated by the data for the 50th,
60th and 70th orbits appearing in the Appendix, which varied only slightly
with that of the 18th orbit.

The thermal data were accumulated by converting the microvolt
signal of the thermopile to watts by means of the calibration curve
presented in Figure 12. The oxygen pressure was obtalned by converting
the millivolt signal of the Adhydrode to pressure (p.8.1.a.) by means
of the data appearing in Table III. The enthalpy changes (AH) were
calculated as discussed above. In these calculations no provision was
made for oxygen evolution or reaction, i.e. no.VAP term. Therefore,
only that calculation made during the minimum point of the oxygen pressure
can have any thermodynamic significance. This point occurs approximately
35 minutes into the charge cycle when the pressure has dropped to 2.0
p.S.i.a. This residual oxygen pressure does not enter into the thermo-
dynamic calculations since it is oxygen which was generated during the
overcharge portion of the previous cycle and has not yet diffused to a
reaction site on the nickel or Adhydrode electrode. It exists in the
cell at this point as an unreactive species which is neither being

generated or consumed. Further substantiation of this phenomena occurs
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TABLE VII- Comparison of Thermal Enthalpy and Oxygen
Pressure Data.

Condition Time Heat AH Oz Pressure
(min.) (watts) (kecal/equiv) (PSIA)
Discharge 5 -.58 -35.58 15.3
Discharge 30 -.59 -335.70 b1
Charge 5 -.38 +2h .66 3.5
Charge 35 +.10 +33.67 1.5
Charge 60 -.23 +31.43 13.1
Discharge 5 -.40 -36.48 13.1
Discharge 30 -.32 -33%.38 3.2
Charge 5 -.18 +26.25 3.0
Charge 35 +.07 +3%.68 1.2
Charge 60 -.16 +29.93 10.4
Discharge 5 S -36.58 >29.0
Discharge 30 -.60 -33.66 6.5
Charge 5 -.38 +25.12 6.0
Charge 35 +.10 +33.44 2.1
Charge 60 -.3h4 +29.36 22.0
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Experimental Series A Orbit 18
(25% Depth of D.C., 110% Recharge)

Experimental Series B Orbit 18
(15% Depth of D.C., 114% Recharge)

Experimental Series C Orbit 18
(25% Depth of D.GC., 11k% Recharge)



during the cell conditioning experiments where, after discharging a cell
for several hours to a terminal voltage of 1.0, an oxygen pressure of
approximately 2 p.s.i.a. was detectable. It was in fact, present for
several hours after a one ohm resistor had been placed across the cell
terminals. If the cell was left in this condition for 16 hours, then
the Adhydrode signal would finally indicate zero oxygen pressure. From
a thermodynamic standpoint, the charge process can be represented by
the reaction:

Cd (OH),(s) + 2 Ni (OH), (s) = Cd (s) + 2 N1 (OH)B(s)
Using the literature values for the standard molar heats of formation of
the reactants and products, i.e. -128.6, -133.3, 0.0, and -162.1 kcal
mole™l, the AH of the charging reaction is +66.3 kcal mole ! or +33.1
kcal equiv.-l. There is excellent agreement between the calculated
value of 33.1 kcal equ:i.v.-1 and the experimental obtained at the time
intervals of 30 and 35 minutes into the charge cycle which appears in
the appendix of this report. Typical values obtained are +33.24, +33.,32,
+33.44, and +33.68 kcal equiv.-l.Variations in a tenth of a kcal equiv.-l
are to be expected and are within the accuracy of the experiment. The
remaining enthalpy calculations though thermodynamically questionable,
are indicative of the changes in the energy content of systems related
to the evolution or reaction of oxygen.

The péak of the exothermic reaction occurs approximately ten
minutes into the discharge cycle while the height of the endothermic
reaction occurs approximately thirty-five minutes into the charging
reaction,

Oxygen generation begins as soon as the overcharging state is

reached, 1.e. 55 minutes into the charging cycle. The greatest oxygen




pressure recorded for experimental series C (25% Depth of D.C.,
114% Recharge) at 62 mimutes into the charge cycle with a pressure in
excess of 29.0 p.s.i.a.

In Table VII appears a comparison of the maximum thermal dats
and oxygen pressure for each experimental series. It may be noted
that a greater thermal effect is produced by the depth of discharge used
here than by the percentage recharge. Also, in the case of two similar
depths of diséharge the one with the highest recharge percentage will
have the greatest thermal effect.

A heat profile curve obtained for the 20th cycle of experimental
series "C" is presented in Figure 15. This curve is typical in profile
for all of the cyclic experiments appearing in the appendices with only
the magnitude of the thermal effect increasing or decreasing with the
corresponding change in the percentage recharge and depth of discharge.
That is, every battery experiences an exothermic reaction during discharge

and overcharge, and an endothermic reaction during charging.
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TABLE VIII

Comparison of Maximum Thermal Data

and O2 Pressure

Max. Heat Liberated Max. Heat Absorbed

Exp. veries A -.66 Watts +.11 Watts
(25% D.C. 110% Recharge)

Exp. Series B -l Watts +.08 watts
(15% D.C. 114% Recharge)

Exp. Series C =.77 Watts +.10 watts
(25% D.C. 114% Recharge)
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FIGURE 15. HEAT PROFILE CURVE Fi
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VI. FUTURE WORK
Following a discussion with the Technical Officer, Mr. Floyd
Ford, it was decided to perform only two more types of experiments
with the six ampere-hour battery before going on to the twelve ampere-
hour battery. These experiments are as follows:
(1) Subject the battery to at least 70 cycles involving a
40% depth of discharge and a 110% recharge rate.

(2) Investigate the effect of varying the charge rate

C Cc C C ¢C
(To, 8,8, T, Z, &C) on the efficiency of the battery using the

Adhydrode signal of 100 mv. to terminate each experiment.
As before, all data such as oxygen pressure and the rate of heat
generation will be recorded and the changes in enthalpy (AH) for the

system undergoing the various processes will be calculated.



VII. ACKNOWLEDGEMENT

The authors are pleased to acknowledge the following contribu-
tions to the project:

1) Mr. Charles Soodak (American University) for his assistance
in the design and assembly of the apparatus.

2) Mr. Richard Meyers (American University) for his assistance
in the calibration and thermal experiments.

3) Mr. Smith Tiller (Melpar, Inc., NASA Goddard Space Flight
Center) for his design and construction of the electronic hardware,
especially the battery cycling device.

4) Mr. Floyd Ford (NASA Goddard Space Flight Center) for his

valugble suggestions and discussions.

- 59 -



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

VIII. REFERENCES

H. A, Skinner (ed.), Experimental Thermochemistry Vol. II, Inter-
science Publishers, New York, 1962 p. 157

Ibid. pe 159

C. A. Kraus and J. A. Ridderhof, J. Am, Chem. Soc., 56, 79 (1934)
H. L. Callender, Phil. Trans. 4, 199, 57 (1902)

H. T. Barnes, Phil. Trans. A, 199, 152 (1902)

Ibid. p. 153

F. G. Key, L. J. Gillespie, and S. Mitsukuri, J. Am. Chem. Soc.
4, 708 (1922)

F. J. Roughton, Proced. Royal Soc. A, 126, 440 (1930)

S. M, Caulder, Master of Science Thesis, American University,
Washington, D.C. (196L4)

R. C. Shair, H. N, Seiger, "Operating Characteristics of Sealed Ni-Cd
and Ag-Cd Batteries," 4th International Symposium on Batteries,
Brighton England (1964)

H. N. Seiger, R. C. Shair & P. F. Ritterman, "Charge Control for
Secondary Batteries Part 2- The Adhydrode in Charge Control,"
Proced. Power Sources Conference (1964)

K. Sizemore "Use of the Adsorption Hydrogen Electrode and The Oxygen
Fuel-Cell Electrode in Nickel-Cadmium Cells," NASA Goddard Report
#X-716-66-83, April 1966

Ibid. p. 9

G. M. Barrow "Physical Chemistry," McGraw-Hill Book Co., Inc.
New York (1961)

W. H. Metzger, M. Weinreb, J. Sherfey, "Heat Effects of Nickel-
Cadmium -F-Cells," NASA Goddard Report No. 1-650-62-15

"Selected Values Of The Chemical Thermodynamic Properties,”
National Bureau of Standards Circular No. 500

W. H. Metzger, J. Sherfey, Electrochem. Tech. 2, 285 (1964)

P. F. Bruins, S. M. Caulder, A. J. Salkind, "Calorimetric Study of
Thermodynamic Properties Of The Ni~-Cd Cell," NASA Goddard Report
No, SC-MGR-33-006-015

C. Hampel (ed.), "Encyclopedia of Electrochemistry 389 (1965)

- 60 -




IX. APPENDICES

1. Experimental Series A (25% depth d.c., 110% recharge)
2. Experimental Series B (15% depth d.c., 114% recharge)

3. Experimental Series C (25% depth d.c., 114% rech,rge)
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EXPERIMENTAL SERIES "A"

25°C Orbit #17 July 28, 1966
Orbital Conditions:
1.) 30 mins. .d ¢ at 3.00 amps for 25% Depth of d ¢

2,) 62 mins. ¢ at 1.65 amps for 110% Recharge Rate

Time q E W H H Adhy- Oxygen
(mins.) (watts) (volts) (watts) (watt-sec) (kcal/ drode Press.
equiv) (mv) (P.S.I.A.)

DISCHARGE

0 -.32 1050 4.50 -‘&.82 -3700“’ 100 1105

5 -e62 1.34 4,02 -k 64 «35.66 130 16.1
10 -.66 1.32 3.96 4,62 -35.50 100 11.5
15 - .66 1.30 3.90 k.56 -35.04 78 8.8
20 -.63 1.28 3.84 b o47 -34.35 60 6.5
25 -.61 1.27  3.81 442  -33.96 50 5.1
30 -.58 1.27 3.81 -4.39 -33.74 40 4.1

CHARGE

5 -38 1.32 2.18 +1.80 +25.14 35 3.5
10 -el5 1.34 2.21 +2,06 +28,78 30 3.0
15 -.02 1.35 2.23 +2.,21 +30.87 22 2.2
20 +.04 1.36 2,24 +2.28 +31.85 20 2,0
25 +.08 1.37 2.26 +2.,34 +32.69 16 1.6
30 +.10 1.38 2.28 +2.38 +33.24 16 1.6
35 +.10 1.40 2.31 +2.41 +33.67 14 1.4
40 +.09 l.41 2.33 +2.42 +33.80 14 1.4
ks +.09 1l.42 2,34 +2.43 +33.95 15 1.5
50 +.05 lolk 2.38 +2.43 +33.95 22 242
55 -.02 1.46 2.41 +2.39 +33.39 50 5.1
60 -e23 1.50 2.48 +2.25 +31.43 110 13.1
62 ~+30 1.50 2.48 +2,18 +30.45 130 16.1
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EXPERIMENTAL SERIES "“A"

25°C _O;bit #18» July 28, 1966
Orbital Conditlions:

1.) 30 mins. d ¢ at 3.00 amps for 25% Depth of d ¢
2.) 62 mins. ¢ at 1.65 amps for 110% Recharge Rate

Time q E W H H Adhy- Oxygen
(mins,) (watts) (volts) (watts) (watt-sec) (kcal/ drode Press.
equiv) (mv) (P.S.I.A.)

DISCHARGE

0 -+30 1.50 4,50 -4.80 -36.88 100 11.5

5 -.58 1.35 4,05 -4.63 -35.58 125 15.3
10 -.66 1.3 3.96 4,62 =35.50 100 11.5
15 -.65 1.30 3.90 -l.55 -34.97 75 8.5
20 -.64 1.28 3.84 <448 =34.42 60 6.5
25 -.60 1,265 3.795 -=4,395 -33.78 50 5.1
30 - 59 1.265 3.795 <4.,385 <33.70 W L.

CHARGE

5 -.38  1.30 2,145 +1,765 +24.66 35 3.5
10 -1l 1.33 2,195 +2.055 +28,71 30 3.0
15 -e02 1.34 2,211 +2.191 +30.61 25 2.5
20 +.06 1.36 2,244 +2.,304 +32.33 20 2.0
25 +,06 1,37 2,261 +2.321 +32.42 15 1.5
30 +410 1.385 2,285 +2,385 +33.,32 15 1.5
35 +,10 1.40 2,310 +2.410 +33.67 15 1.5
40 +,11 1.40 2,310 +2.420 +33.81 15 1.5
3 +.09  1.42 2,343 +2.433  +33.99 15 1.5
50 +.06 1.44 2,376 +2.436 +34.03 25 2.5
55 -+05 1.46 2,409  +2.359 +32.96 50 5.1
60 -.26 1.48 2,442 42,182 +30.48 110 13.1
62 -e32 1.50 2,475  +2.155 +30.11 120 14.9
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25°¢c

Orbital Conditions:

EXPERIMENTAL SERIES "A"

orbit #19

1.) 30 mins. D.C. at 3,00 amps for 25% Depth of D.C.

2.) 62 mins. C. at 1.65 amps for 110% Recharge Rate

Tinme

(mins.) (:attS)

DISCHARGE

0

5
10
15
20
25
30

CHARGE

10
15
20
25
30
35
40
5
50
55
60
62

.32
-.61
-.66
~.65
-6l
-.60
-.60

-.36
-1l
-e02
+.04
+.08
+.08
+.10
+.10
+.10
+ 4,04

-e26
-e32

E

(volts)

* o & o o

HEPRPRER PR
BEEETEERRRERY

W H H  Adhy-
(watts) (watt-sec) (kcal/ drode
equiv) (mv)
4,50 4,82 =37.04 100
4,05 4,66 -35,81 130
3.96 4,62 «35.,50 100
3090 -4055 '3“097 75
3.84 4,48 -34.43 60
3.81 <441 =33.89 50
3078 -‘#.38 ‘33066 40
2,178 +1,818 +25.,40 35
2.178 +2,038 +28.47 30
2,211 +2,191 +30.61 25
2.227 +42.267 +31.67 20
2,244 +2,324 +32.47 15
2.277 +2.357 +32.93 15
2,310 +2.410 +33.67 15
2,310 +2.410 +33.67 15
2.343 +2.443 +34.,13 15
2.376 +2.416 +33.75 25
2.409 +2.369 +33.09 50
2.442 +2.182 +30,.37 110
2.475 +2,155 +30.11 130

July 28,1966

Oxygen

Press.
(P.S.I.A.)

el
L ) L]

£\ 0’\.0)0—‘\1\ -
H AW n

N w
e o o o o

s o o e o o
HHEHFROMWW O O\
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25°¢C

Orbital Conditions:
l.) 30 mins. D.C. at 3.00 amps for 25§ Depth of D.C.

Orbit #20

EXPERIMENTAL SERIES "A®

July 28, 1966

2,) 62 mins. C. at 1.65 amps for 110% Recharge Rate

Time

(mins.) (wa%ts)

DISCHARGE

0

5
10
15
20
25
30

CHARGE

10

15
20
25
30
35
40
45
50
55
60

-e32
-¢58
-.66
-6l
-.63
-.60

.58

-o37
-e13
- Ol
+,05
+,06
+.10
+,09
+.11
+.09
+,06

-2l
-+33

E

W

H

(volts) (watts) (watt-sec) (kcal/ drode

1,50
1.35
1.32
1.30
1.28
1.27

1.26

4,50
4.05
3.96
3.90
3.84
3.81
3.78

2,178
2,211

2,227
2,244
2,277
2.294
2,310
2,310
2,343
2,376
2.409
2. 442
2.475
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4,82
-4.63
-4.66
b, 54
417
441

4,36

+1.808
+2,081

+2.187
+2.294
+20337
+2,394
+2.400
+2.420
+2.433
+2.436
+2.369
+2.202
+2.,145

H Adhy- Oxygen
Press.
equiv) (mv) (PeS.IeA.)
«37.04 100 11.5
=35.58 128 15.7
-35.81 100 11.5
-34.89 75 8.5
-3.35 60 6.5
«-33.89 50 5.1
-33.51 40 4,1
+25.26 35 3¢5
+29.07 30 3.0
+30.55 22 2.2
+32.,05 20 2,0
+32.65 15 1.5
+33.53 15 1.5
+33.81 15 1.5
+33.99 15 1.5
+34.03 25 2.5
+33.09 50 5.1
+30.76 110 13.1
+29.97 130 16.1



EXPERIMENTAL SERIES “A"

25°C ~ orbit #21 July 28, 1966
Orbital Conditions:

1l.) 30 mins. D.C. at 3.00 amps for 25% Depth of D.C.
2.) 62 mins. C. at 1.65 amps; for 110% Recharge Rate

. Time q | E L H H Adhy- Oxygen
(mins.) (watts) (volts) (watts) (watt-sec) (kcal/ drode Press.
equiv) (mv) (P.S.I.A.)

DISCHARGE

0 -e32 1.50 4,50 -4,82 -37.04 100 11.5

5 -.60 1.3 4,02 k4,62 -35.50 130 16.1
10 -e66 1.32 3.96 4,62 =35.50 100 11,5
15 -.64 1.30 3490 US54  -34.89 75 8.5
20 -e62 1.28 3.84 b 46 -34.28 60 ‘6e5
25 -.60 1.27 3.81 J‘oul -33.89 50 5.1
30 -.58 1.27 3.81 4.39 <3374 Lo 4,1

CHARGE

5 -3 1,32 2,178 +1.838 +25.68 35 3.5
10 -.10 1.3 2.211 +2.111 +29.49 30 3,0
15 -.02 1.3% 2,211  +2.191 +30,61 25 2.5
20 +,06 1.35 2.228 42,288 +31.96 20 2.0
25 +.08 1.37 2.260  +2.340 +32.69 15 1.5
30 +,11 1.38 2,277 +2,387 +33.34 15 1.5
35 +.10 1,40 2,310 . 42,410 +33.67 15 1.5
Lo +.10 1.40 2,310 42,410 +33.67 15 1.5
45 +.10 1.42 2,343 +2.443 +34,13 15 1.5
50 +.02 l.is 2,376 42,396 +33.47 25 2.5
55 -.06 1.46 2,409 42,349 +32.82 60 6.6
60 -e32 1.48 2,442 42,122  +29.64 110 13.1
62 -.36 1.50 2,475  +2.115 +29.55 130 16.1
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EXPERIMENTAL SERIES "B"

25°C orbit #18 | Aug. 4, 1966

Orbital Conditions:

1.) 130 mins. 4 ¢. at 1.80 amps for 15% Depth of d ¢
2.) 62 mins. ¢ at 0.99 amps for 1149% Recharge Rate

Time q E w AH AH Adhy- Oxygen
(mins.) (watts) (volts) (watts) (watt-sec ) (kcal/ drode Press.
equiV) (mV) (PQSOI.AC)

DISCHARGE

0 -e22 1.47 2.646 2,866 36,71 85 9.6

5 =40 1.36 2.448 -2.848 -36.48 110 13.1
10 -39 1.34 2.412 -2.802 ~35.89 90 10.4
15 -.38 1.32 2,376 -2.656 -34.02 70 7.7
20 -.36 1.30 2,340 -2.600 -33.31 55 6.0
25 -.33 1.28 2,304 =2.534 <3246 42 4.6
30 -e32 1.27 2,286 -2.606 -33.38 32 3.2

CHARGE

5 -.18 1.32 1.307 +1.127 +26.25 30 3.0
10 -+07 1.33 1.317 +1.247 +29.04 23 2.3
15 +,01 1.34 1.327 +1.337 +31.14 20 2,0
20 +.05 1.35 1.337 +1.387 +32.30 18 1.8
25 +,04 1.36 1.346 +1,386 +32.28 15 1.5
30 +,08 1.38 1.366 +1.446 +33.68 12 1.2
35 +.07 1.39 1.376 +1.446 +33.68 12 1.2
40 +.06 1.40 1.386 +1.446 +33.68 14 1.4
L5 +,06 1.42 1,406 +1.466 +34.14 20 2,0
50 +.02 .44 1.426 +1.446 +33.68 29 2,9
55 +.04 1.45 1.436 +1.396 +32.51 50 5.1
60 -elb6 1.46 1,445 +1.285 +29.93 90 10.4
62 22 1,46 1.445 +1.225 +28.53 107 12,6
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EXPERIMENTAL SERIES "B

o
25¢C , Orbit 419 Aug. b4, 1966
Orbital Conditions:
1l.) 30 mins. d ¢. at 1.80 amps for 15% Depth of d ¢

2.) 62 mins. ¢ at 0.99 amps for 114% Recharge Rate

Time q E W AH AH Adhy- Oxygen
(mins.) (watts) (volts) (watts) (watt-sec) (kcal/ drode Press.
equiv) (mv) (P.S.I.A.)

DISCHARGE

0 -e22 1.46 2,628 -2.848 -36.48 107 12,6
5 -.40 1.36 2,448 -2.848 -36.48 110 13.1
10 - 40 1.34 2,412 .2.812 -36.02 90 10.4
15 -o% 1.31 2.358 -20738 -35007 70 7.7
20 -4 1.30 2,340 -2.680 -34.33 55 6.0
25 -¢33 1.28 2,304 2,634 ~33.74 L2 4.6
30 -3 1.26 2.268 -2.588  -33.15 35 3.5

CHARGE

5 -.18 1.32 1.307 +1.127 +26.25 30 3.0
10 -+07 1.32 1.307 +1.237 +28.81 25 2.5
15 +.00 1.34 1.327 +1.327 +30.91 20 2.0
20 +.04 1.35 1.337 +1.347 +31.37 19 1.9
25 +.04 1.36 1.346 +1.386 +32.28 15 1.5
30 +.08 1.37 1.356 +1.436 +33.44 12 1.2
35 +.,06 1.38 1.366  +1.426 +33.21 12 1.2
40 +.08 140 1,386 +1.466  +34.14 13 1.3
ks +.06 1.42 1406  +1.466 +34.14 20 2.0
50 +.01 1.44 1.426 +1.436 +33.44 28 2.8
55 +.04 1.45 1.436 +1.396 +32.51 49 5.0
60 -.16 1.46 1.445 +1.285 +29.93 85 9.7
62 -.21 1.46 l.445 +1.235 +28.76 100 11.5




EXPERIMENTAL SERIES “B"
25%C Orbit #20 Aug. 4, 1966‘
Orbital Conditlons:

1.) 30 mins. 4.¢. at 1.80 amps for 15% Depth of d.&.
2,) 62 mins. & at 0.99 amps for 114% Recharge Rate

Time q E W AR AH Adhy- Oxygen
(mins.) (watts) (volts) (watts) (watt-see) (kcal/ drode Press.

equiv) (mv) (P.S.I.A.)

DISCHARGE
0 -.21 1.46 2,628 -2.838 -36.35 100 11.5
5 -39 1.36 2,448 -2.838 -36.35 107 12.6
10 - .40 1.34 2,412 -2.812 «36.02 88 10.0
15 -.38 1.32 2,376 -2.756 -35.30 69 75
20 -o 34 1.30 2.340 -2.680 -34.33 55 6.0
25 -e32 1,28 2.304 -2.604 ~-33.36 42 4,6
30 -3k 1.26  2.268  -2.608  -33.40 32 3.2
CHARGE

5 -.18 1,32 1,307 41,127  +26.25 30 3.0
10 -o08 1.32 1.307 +1.227 +28.58 24 2.4
15 +,00 1034 1.327 +10327 +30091 - 20 200
20 +.04 1.35 1,337 +1.377 +32.07 18 1.8
25 +.05 1.36 1.346 +1.396 +32.51 15 1.5
30 +.08 1.37 1.356 +1.436 +33.44 15 1.5
35 +.06 1.38 1.366 +1.426 +33.21 15 1.5
40 +.06 1.40 1.386 +1.446 +33.68 15 1.5
45 +.06 1.42 1,406 +1.462 +34.05 19 1.9
50 +.02 1.4k 1.426 +1. 446 +33.68 28 2.8
55 +.03 l.45 1.436 +1.406 +32.75 50 5.1
60 -.16 1.46 1.445 +1.285 +29.93 85 9.6
62 -2l 1.46 1,445 +1.235 +28.76 102 11.8
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EXPERIMENTAL SERIES "B"
(o]
25 ¢ ... Orbit¢2l - Aug. 4, 1966
Orbital Conditions: |

) 30 mins. §.¢. at 1,80 amps for 15% Depth of d.&.
.) 62 mins. ¢ at 0.99 amps for 114% Recharge Rate

1.
2
Time q E W AH AH Adhy- Oxygen

(mins.) (watts) (volts) (watts) (watt-sec) (kcal/ drode Press.,
equiv) (mv) (P.S.I.A.)

DISCHARGE
0 -2l 1.46 2.628 -2.838  -36.35 102 11.8
5 -.38 1.36  2.448  .2.828 -36.22 110 13.1
10 -43 1.34% 2,412 22,842  -36.41 90 10.4
15 «.37 1,31 2,358  -2.728 34,95 70 7.7
20 -.37 1.30 2.340  -2.710 34,72 52 5.4
25 -e32 1.28  2.304  -2.624  -33.61 42 4.6
30 v 1.27 2.286  -2.606  -33.38 32 3.2
CHARGE

5 -e21 1.32 1.307  +1.097  +25.55 30 3.0
10 ~.06 1.32 1.307 +1.247 4+29.04 25 2.5
15 +.02 1.3 1,327 41,347 +31.37 20 2.0
20 +.04 1.35 14337  +1.377  +32.07 18 1.8
25 +.06 1.36 1.346  +1.406  +32.75 15 1.5
30 +.05 1.37 1.356 41406  +32.75 15 1.5
35 +.08 1.39 1,376 +1.456  +33.91 15 1.5
4o +.06 1.40  1.386 41,446  +33.67 15 1.5
45 +.07 1.42 1,406  +1.476  +34.38 19 1.9
50 +.02 1.t 1,426  +1.446  +33.67 19 1.9
55 +.06 1.45 1436  +1.376  +32.05 50 5el
60 -.16 146 1.445  +1.285  +29.93 90 10.4
62 -e25 1.46  1.445 41,195  +27.83 105 12.3
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EXPERIMENTAL SERIES “B"
¢ otz  hug. 4, 1966
Orbital Conditions

l.) 30 mins. d ¢ at 1.80 amps for 15% Depth of d ¢
2.) 62 mins. ¢ at 0.99 amps for 114% Recharge Rate

iTime q E W Bi 8 Adhy-  Oxygen
(mins.) (watts) (volts) (watts) (watt-sec) (kcal/ drode Press.
equiv) (mv) (P.S.I.A.)

DISCHARGE
0 -el5 1.46 :2.628 -2.878 36.87 105 12.3
5 -+38 1.36 2.448 -2.828 .36.23 110 13,1
10 -2 1.32 2.376 -2.796 -35.81 90 10.4
15 -.38 1.31  2.358 2,738 -35.07 70 7.7
20 -.35 1.30  2.340 <2.690 -34.45 55 6.0
25 - 32 1.28 2.304 -2.624 -33.61 42 4,6
30 -e31 1.27 2.286 -2.596 -33.25 32 3.2
CHARGE

5 ~-e20 1.32 1,307 +1,107 +25.78 30 3.0
10 -.06 1.32 1.307 +1.,247 +29.04 25 2,5
15 +.00 1.34 1.327 +1.327 +30,91 20 2,0
20 +.03 1l.35 1.337 +1,367 +31.84 18 1.8
25 +.06 1.36 1,346 +1.406 +32.75 15 1.5
30 +.05 1.38  1.366 +1,416 +32,98 15 1.5
35 +.08 1.39 1.376 +1.456 +33.91 15 1.5
40 +.08 1.40 1,386 +1.466 +34.14 15 1.5
45 +,06 1l.42 1.406 +1.,466 +34,14 20 2.0
50 +,04 1.44 1.426 +1.,466 +34.14 30 3.0
55 +.06 1,45 1,436 +1.376 +32.05 50 S5el
60 -el5 1.46 1.445 +1.295 +30.16 90 10.4
62 -3 1.46  1.445 +1,215 +28,30 105 12.3

-7 -



EXPERIMENTAL SERIES "“B"
25°C Orbit #30 Aug. 4, 1966
Orbital Corditions
1l.) 30 mins. d ¢ at 1.80 amps for 15% Depth of d ¢
2.) 62 mins. ¢ at 0.99 amps for 114% Recharge Rate

Time q - E W AH AH Adhy- Oxygen
(mins.) (watts) (volts) (watts) (watt-sec) (kcal/ drode Press.
equiv) (mv) (P.S.I.A.)

DISCHARGE

0 22 1.47 2.646 =2.866 ~36.71 80 8.9

5 -.38 1.35 2.430 =2.810 -36,00 108 12.8
10 -2 1.3 2.412 -2.832 ~36.28 85 9.6
15 -.36 1.31 2.358 2,718 34,82 65 7.1
20 -3 1.30 2.34%0 2,680 <34.33 52 5.3
25 L =e3 1.28 2.304 2,644 <33.87 40 L,
30 -.30 1.26 2.268 -2.568 <32.90 3R 3.2

CHARGE

5 -.18 1,32  1.307 +1.127 +26.25 30 3.0
10 -.08 1.32  1.307 +1.227 +28.58 25 2.5
15 +.02 1.3 1.327 +1.347 +31.37 20 2.0
20 +.04 1.35 1.337 +1377 +32,07 15 1.5
25 +.06 1.36  1.346 +1.406 +32.75 15 1.5
30 +.09 1.37 1.356 +1.446 +33.67 15 1.5
35 +.08 1.38  1.366 +1.446 +33.67 15 1.5
4o +.10 1.40 1.386 +1.486 +34.61 15 1.5
b5 +.07 1.42  1.406 +1.476 +34.38 20 2.0
50 +.04 l.44 1,426 +1.466 +34.14 28 2.8
55 +.03 1.45 1.436 +1.406 +32.75 50 5.1
60 -1l 146  1.445 +16305 +30.39 90 10.4
62 -+20 1.46  1.445 +1.245 +29.00 102 11.8
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EXPERIMENTAL SERIES "B

25°C . Orbit #40 , . Aug. 4, 1966
Orbital Conditions:

1.) 30 mins. d ¢ at 180 amps for 15% Depth of d ¢
2.) 62 mins. c at 0.99 amps for 114% Recharge Rate

Time q E W AH AH Adhy- Oxygen
(mins.) (watts) (volts) (watts) (watt-sec) (kcal/ drode Press.

equiv) (mv) (P.S.I.A.)

DISCHARGE

0 -22 1.42 2.556 -2.776 -35.56 80 8.9

5 -.38 1.36 2.448 ~2.828 -36.23 108 12.8
10 -] 1.38 2.412 -2.822 -36.15 85 9.6
15 -o38 1.31 2.358 -2.738 =35.07 65 7.1
20 - 34 1.30 2.340 -2.680 -34.33 50 5.1
25 - 32 1.28 2.304 -2.624 -33.61 40 4.1
30 -e32 1.26 2.268 -2.588 <33.15 32 3.2

CHARGE

5 -.16 l.32  1.307 +1,147 +26.71 30 3.0
10 -.06 1.33 1.317 +1,257 +29.28 25 2.5
15 +,00 1.3 1,327 +1,327 +30,91 20 2.0
20 +.04 1.36 1,346 +1,386 +32.28 15 1.5
25 +,07 1.36 1.346 +1.416 +32.98 15 1.5
30 +.06 1,38 1.366 +1.426 +33,21 15 1.5
35 +.09 1.39 1.376 +1.,466 +34.14 15 1.5
40 +,08 1l.40 1,386 +1.,466 +34.14 15 1.5
Ls +.06 l.42  1.406 +1.466 +34.14 20 2,0
50 +.01 l.44  1.426 +1.436 +33.44 30 3.0
55 +.03 1.45 1.436 +1.406 +32.75 50 5.1
60 -.16 1.46 1,445 +1.285 +29.93 90 10.4
62 -el2 146 1.445 +1.225 +28.53 102 11.8
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EXPERIMENTAL SERIES “B*

o
25°C Orbit #50 Auh. 4, 1966
Orbital Conditions:

l.) 30 mins. d ¢ at 1,80 amps for 15% Depth of d ¢
2.) 62 mins. ¢ at 0.99 amps for 114% Recharge Rate

Time q E W AH AH Adhy- Oxygen
(mins.) (watts) (volts) (watts) (watt-sec) (kcal/ drode Press.
equiv) (mv) (P.S.I.A.)

DISCHARGE

0 -.25 l.42 2.556 =2.806 -35.94 80 8.9

5 -0 1.36 2.448 -2.848 -36.48 108 12.8
10 -2 134 2.412 -2.832 -36.28 88 10.0
15 -l 1.31  2.358 =2.768 -35.46 69 7.5
20 -.36 1.29 2,322 -2.682 -34.36 51 5.2
25 -3 1.28 2,304 -2.664 -34.13 40 4,1
30 -s32 1,26 2,268 -2,588 -33.15 32 3.2

CHARGE

5 -.20 1.32  1.307 +1.,107 +25.78 30 3.0
10 -.08 1.32  1.307 +1.227 +28.58 25 2.5
15 +.00 134 1.327 +1.327 +30.91 20 2.0
20 +.03 1.35 1.337 41,367 +31.84 15 1.5
25 +.05 1.36 1,346 +1,396 +32.51 15 1.5
30 +.06 1.37 1.356 +1.416 +32.98 15 1.5
35 +.07 1.38  1.366 +1.436 +33.44 15 1.5
40 +.04 1.40 1,386 +1.426 +33.21 15 1.5
bs +.06 1.42 1.406 +1.466 +34,14 20 2.0
50 +.00 1.4 1.426 +1.426 +33.21 28 2.8
55 +.04 1.45 1.436 41,396 +32.51 48 4.9
60 -.20 1.46  1.445 41,245 +29.00 85 9.7
62 -2l 146 1.445 +1.205 +28.06 101 11.6

-7 o




,.25°c

EXPERIMENTAL SERIES "B"

Orbit #60

thitaljhnuﬁunnna:

1.) 30 mins. dle
2.) 6@ mins. ¢

Time ’ ‘
(m:;s.b (watts)i (volts) (watts) (wgtt-sod) (kcal/  drode

DISCHARGE

0

5
10
15
20
25
30

CHARGE

10
15
20
25
30
35

k5
50
55
60

q

~-+20

+.°0
+.04
+.06
 +.07
. +.08
+.06
+.06
+.00
+.04
-e18

-2k

1
1
l
l

at 1. 85 amps for 159 Dep&h of d w

E

1.42
1.36

1.34
1.31

1.30
1.28

1.27

EE ERRRRELR

HHREE PR P
L ]

3]

v

L ]

& &

11,386

W

.
\n
\n
[+ 8

NN £\)N DN
W &
L%k E

*

S
[o3)
o

AH

-2.816
-2.848

. =2.832

-2.738
-2.700
~2.634

D =2 0596

" 41,107
- +1.257

- +1.327
' +1,386
- +1.406
. +1.436
- +1.456
D+l 446

- +1.466

+1.426
+1,396

" +1.265
f +1.205

M Adhy- Oxygen
Press.

quiv‘ ) (“) (P.S.I.A.)
» '36007 80 8.9
-36.48 . 108  12.8
'-36.28 . 87  10.0
. =35.07 68 i 75
-3H4.59 52 Sl
=33.74 Lo 4.1
" =33.25 32 3.2
+29,28 25 2.5
‘ +30091 . 20 2.0
432,28 15 1.5
+32.75 15 1.5
. +33'M ‘ 15 1.5
- +33.67 15 1.5
+3%.14 18 1.8
+33.21 . 25 2.5
+32,51 -+ 48 4.9
+29.46 85 9.7
428,06 | 102 . 11.6

at 0.99 hlps for ﬁlbﬂ Rechhrgo Rate



EXPERIMENTAL SERIES "B"

2% orbit 470 . Aug. b, 1966
Orbital Conditions. |

PRI E U e g e

e NSNS ]

1.) 39 mins. dic at 1.80 amps for 15% Depmh of d e
2.) 62 mins. ciat 0.99 amps for 11“% Rechrrge Rate

Tfme q  E | W A AH Adhy-  Oxygen
(mins.) (uatts)‘ (volts) (watts) (watt-sea) (kcal/ drode Press.
: ! | , equiv) (mv) (P.S.I.A.)

DISCHARGE

0 ‘ -.22 1.""2 : 20556 —2.?76 . -35.56 - 80 8.9

5 -+40 1.36 | 2.448  .2,848 -36.48 105 | 12.3
10 -2 . 1.3 2,112 2,832 -36.28 82 9.0
15 -.38 1.31 2.358 -2.738 ;| =35.07 62 6.8
20 -.38 ° 1.30 '2.340 -2.720 © -34.84 50 5.1
25 =33 . 1l.28 2.304 2,634 33,74 4o b1
30 -e33 1.26 2,268 -2.598 . -33.28 32 3.2

CHARGE : ;

5 -018 1032 t 1-307 +1.127 ) +26-25 29 209
10 -.08 1,32 1,307  +1.227 | +28.58 22 2.2
15 - +.00 134 1.327 +1.327 +30.91 20 2,0
20 © +.03 1.35 1 337 +1.367  +31.84 15 1.5
25 L +.06 1,36 1.346 |, +1.406  +32.75 15 1.5
30 T +,06 1.37 '1.356 | +1.416 +32.98 12 1.2
35 C o +.06 1.38 11,366 - +1.426 +33.21 12 1.2
Lo. +.06 1.40 1.386 +1446  +33.67 15 1.5
“5 : +005 1.42 1."’06 +l.456 +33.91 i 18 ‘ 108
50 . +.02 Ly 1,426 41,446 +33.68 25 2.5
55 . +.0b | 1.45 1436  +1.396  +32.51 45 4.8
60 . -6 | 146 |L.Mb5 | 41,285 | +29.93 80 8.9



EXPERIMENTAL SERIES "C"

25°C - Orbit #18 hug. 8, 1966

7 ! i

...Orbital Conditions:

H
{
—ees S PP |
i
i

| ‘ i
1.) mins. d{c. at 3.0 amps fpr 25% Do¥th of d.e.

, 2,) 64 mins. cq at 1.65 amps for|114% Recharge Rat+
; ‘ i ! i
© Time | q E . L} AH . AR Adhy- Oxygen
(mins.} : (watts) (volts)|(watts) (watt-sec) (kcal/ drode Press.
g equiv)  (mv) (P.S.I.A.)
DISCHARGE | ; g |
0 -8 | LM8 bk -b.92  -37.81 - 170 25,0
5 eu7h | L34 4.02 W76 <36.58 - 195 529.0
10 =u76 ¢ 1,31 | 3,93  (-U.69 36,04 150 20.0
15 =72 . 1,29 | 3.87  i-k.59  1<35.27 . 120 15.0
20 .68 © 1.28 3.8k '-4.52 o374 95 11.2
25 | -.62 1,26 . 3.78 kb0 -33.81 75 8.5
30 . -60  1.26 | 3.78 k3B -33.66 60 6.5
CHARGE '
5 .38 1.32 2,178 +1.798 +25.12 = 55 6.0
10 -16 . 1.33 2,195 +2.035 +28.43 b5 4.8
15 -.0b . 1.3% ' 2,211 42,171 +30.33 35 3.5
20 | +.05 | 1.35 | 2.228 i+2.278 '+31.82 = 30 3.0
25 4,07 . 1.36 | 2.244  +2.314 432,33 25 2.5
30 +.09 0 1.38 . 2,277 142,367 +33.07 22 2,2
35 440 0 139 | 2,294 +2.394  +33.44 21 2.1
40 1 +.08 | 1.0 . 2,310 [+2.390 1+33.39 21 2,1
45 407 | L4z | 2.3 [+2.13 4331 27 2.7
50  4.02 | 1.45 . 2,393 42,413 433.71 4o 4.1
55 =10 1 1,46 0 2,409 (42,309 [+32.26 80 8.9
60 -3 | LM8 | 2,442 142,102 (+29.3 . 160 22,0
62 i -6 ‘ 1.48 | 2.442 +41.982 (+27.69 195 > 29.0

i
|
'

- 77 -



25 c

-EXPERIMENTAL SERIES “C*

Y____ .

rbital Condit;ons.

1. ) 30 min
, 2,)| 62 min
| e
© Time ! q
(mins.) | (watts)
DISCHARGE
0 .46
5 =75
10 .76
15 =o'
20 ‘ —ebb
25 -.62
30 =60
CHARQE
5 =36
10 -.18
15 =-.02
20 “+,01
25 i +.07
30 '+,08
35 "+.10
40 +,10
45  +.08
50 i+'01
55 'e.13
- 60 me 34
. 62

(=8

t

e

_ortat#9 0 Aug. 8,196
— i SR S — _‘;_,. e e ..}__..,.,A.._..
d.c. aﬂ 3.00 amps for ZSﬂ Depth ot d.c. ‘
c. at ﬁ .65 amps | for 1144 | RechargeiRate i
' |
E W . AR . AH | Adhy-  Oxygen
(volts) (watts) (watt-sed) (kcal/ ' drode Press.
, | | eqniv) ' ' (av) (PeS.I.A4)
148 4ok 4,90 -37.66 195 > 29.0
1.35 4,05 -4.80  -36.89 . 192 > 29.0
131 3.93 -4.69 | -36.04 : 150 20.0
1.30  3.90 462 -35.50 | 117 4.5
1.28  3.84 <450 234,58 . 92 10.8
1.27  3.81 43 234,04 75 8.5
1.26  3.78 4,38 -33.66 60 6.5
32 12,178 +1.818  +25.40 53 5.6
33 12.195  +2.015: +28.15 43 4.7
M 2,211 +2.191 . +30.61 35 3.5
35 2,228 . 42,238 +31.26 30 3.0
36 2,264 42,314 +32.33 27 2.7
38 2.277 . 42,357 +32.93 22 2.2
39 2,294 0 42,394 +33.44 21 2.1
B0 12,310 0 +2.410 +33.67 21 2.1
M2 12,343 0 42,423 1 +33.85 28 2.8
145 124393 | +2.403  +33.57 42 4.6
146  2.409  +2.279 +31.84 85 9.6
1,48 2.442 ¢ 42,102 +29.36 160 22.0
1.48 12 A2 41,962 | +27.41 | 200 > 29.0

- 78 -
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EXPERIMENTAL SERIES ®“C"

L. . Orhit 420 . hug. 8, 1966

. g s P smias Tz

wOrbital Conq;tionsow‘; ;

|
( - _,.._..W......._i__... e .__ir__ .. _,___...___.,_.:. e
1.) 30 minsy d.c. at.3.00 ampg for 25% Depth of d.c.
2. ). 62 mins{ c. at 1,65 amps for 114% Recharge Rate
| ! ! §
| , | i
Time . ¢ { E W AH . AH Adhy- Oxygen
: (mins.) (watts)! (volts) (Hntts) (watt-set) (kcal/ drode Press.,
z l equiv) (mv) (P.S.I.A.)

H
1
!

DISCHARGE ;

0 - 48 1 148 4.4k 4,92  -37.81 170 25.0

5 =75 1 134 4,02 k.77 =36.66 195 > 29.0
10 .76 |, 131 3.93 4,69  -36.04 150 20.0
15 - =72 ¢ 129  3.87 4,59 - -35.27 120 15.0
20 -.69 1.28  3.84 <4.53 -34.81 92 10.9
25 -.63 1.26 3.78 441 -33.89 75 8.5
30 -62 | 1.26  3.78 <440 -33.81 60 6.5

CHARGE

5 -.36 1.32  2.178 = +1.818 +25.40 55 6.0
10 -.16 1.32  2.178 +2.,018 +28.19 45 4.8
15 =02 134 2.21) +2,191 +30.61 35 3.5
20 +.03 1.35 © 2.228 +2.258 +31.54 30 3.0
25 +.07 1.36 | 2.28 42,314 +32.33 25 2.5
30  +.08 1.38 | 2.277 +2.357 +32.93 25 2.5
35 - +.10 1.39 2.29% 42,394 +33.44 22 2.2
Lo +.08 1.40 © 2.310 42,390 +33.39 22 2.2
45 +.08 142 ° 2,343 +2.423 +33.85 28 2,8
50 T 4,02 145 2,393 42,413 +33.71 42 4,6
55 -.12 1.46 . 2.409 = +2.289 +31.98 80 8.9
60  -.33 148 © 2.442 . 42,112 +29.50 160 22,0
62 -6 1.48 > 29.0

2.2 | 41,982 +27.69 200




EXPERIMENTAL SERIES "C%

25 C Orbit fg}_ o Aug. 8, 1966

Orbital Condxt1pns,

e e e s e e e e e e e

1)) 30 mins. dec. at 3400 amps for 25% Dppth of dic.
! 2.) 42 mins. 1. at 1.6% amps fof 114% Retharge Rate

. Tme @ q | E | W M MM | Adhy- Oxygen
(mins.) . (watts) | (volts)| (watts) (watt-aec) (kcal/ drode Press.

| | equiv) (mv)  (P.S5.I.A.)

§ }

DISCHARGE
0 | -.46 | 1.48 bl 4,90  -37.66 | 170 25.0
5 =75 1 134 h02 o477 236,66 195 > 29.0
10 =75 0 131 0 3.93 - <468 -35.97 ' 150 20.0
15 =72 1.29 3.87 <459 - -35.27 ¢ 118 14.5
20 -e66 1.28 3.84 4,50 . -34.58 92 10.9
25 - bk 1.26 3.78  <4b2  -33.97 75 8.5
30 =60 | 1.26 3.78 . -4.38  -33.66 60 6.5
CHARGE
5 . =36 1.32 2.178 +1.818 +25.40 53. . 5.6
10 -olb 1.32 2,178  +2.038 = +28.47 43 4.7
15 -.02 134 | 2,211 +2.191  +30.61 37 3.7
20 +,0b4 1.35 = 2.228 = +2.268 +31.68 30 3.0
25 +.07 1,36 ¢ 2,244 42,314 . +32.33 28 2.8
30 +.09 1,38 ' 2.277  42.367  +33.07 25 2.5
35 . +.08 139 2.29%  +2.37%  +33.16 22 2.2
L +,07 1.40 | 2,310 | +2.380  +33.25 22 2.2
b5  +,08 142 2,343 ¢ +2.423  +33.84 29 2.9
50 +,00 144 1 2,376 +2.376 +33.19 42 4.6
55 | =elO 1.46 E 2.409 +2.309 +32.26 85 9.6
60  -.34 . 148, 2,442 42,102 | +29.36 = 160 22.0
62 -ol“e : 10“8 { > 2900
: |

2.442 | 41,962 @ +27.41 198
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EXPERIMENTAL SERIES “C%

]
Orbital ,_Qgpﬁiftianﬁi )

2% Joravéze .. hug. 8, 1966

e e P U UGN VO

1

1l.) jO mins. d.c. at 3:.00 amps for 25% Depth of d.c.
2.) 62 mins. ¢. at 1.65 amps for 1149 Recharge Rate

Time q . E B N S Adhy-  Oxygen
(mins.) (watt.s) (volts): (watts) (watt-sec) (kcal/ drode Press.
: ! | ; equiv) . (mv) (P.S.I.A.)

DISCHARGE
0 | -.48 1.48 boby 492  -37.81 170 25.0
5 =74, 135 | 4,05 0 <479  -36.81 192 > 29.0
10 =76 1,32 3.96  -4.72  -36.27 ' 150 20.0
15  -.70 1.30 3.90 4,60 : -35.35 120 15.0
20  -.68 1,28 3.84 k.52 34,74 95 11.2
25 -.64 1.27 3.81 445 -34.20 75 8.5
30 -.60 1.26  3.78  -4.38  -33.66 60 6.5
CHARGE

5 =37 1.32 2,178  +1.,808 +25.26 55 6.0
10 -.16 1.33 2,195 +2.035 +28.43 bs 4.8
15 . -.06 1.3% . 2,211 +2.151 +30.05 38 3.8
20 +,02 1.36 2.244 42,264 +31.63 n 3.1
25 +.07 1,36 2,284 42,314 +32.33 29 2.9
30 +.08 1.38 2,277 +2.357 +32.93 25 2.5
35  +.07 1.39 2.294 , +2.364 +33.03 22 2.2
40  +.09 1.40 2.310  +2.400 +33.53 22 2.2
bs  +.04 1.42 . 2.343  +2.383  +33.29 28 2.8
50  +,03 | l.4k - 2,376 +2.406 +33.61 42 L6
55 =l 146 2,409 . +2.269 +31.70 80 8.9
60 =34 . 148 | 2,442 42,102 . +29.36 = 160 22,0
62 oMb 148 2,442 | +1.982 : +27.69 198 > 29.0
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EXPERIMENTAL SERIES “C*

25 c Orbit #30 Aug. 8, 1966

TRLL T TS P A TR R T - P

i T
Orbitaluqenditionso JHM_ f o ?

e 0= e s e s e wes v e e e+ am e e e PR,

1l.) PO mins. d.c. at 3.00 amps : for 25% Depth of d.c.
2.) 62 mins. r. at 1.%5 amps fdr 1148 R*charge Rate

i
t

Time q | E | W . M . MM  Adhy- Oxygen
(mins.) (watts) (volts) (watts) (watt—seq) (kcal/ drode Press.
H : ' : OQIIiV) (mV) (PQSOIOA.)

50  +.01 . 145 ¢ 2,393 . +2.403 ¢ +33.57 4O

55 D wel2 | 146 1 2,409 +2.289  +31.97 85
62 L ) |

DISCHARGE

0 | -8 | 149  LA7 k.95  -38.06 165  23.5

5 D oed7l 0 1435 0 W.05 ~4.79 = -36.81: 192 > 29.0
10 ; -.75 | 1031 i 3-93 -uo68 H °35097 150 ' 20‘0 '
15 =73 . 130 ¢ 3.90  -4.63 ' 235.58 118 14.5
20 .66 . 1,28 - 3.84 . 4,50 - -34.58 92 10.9
25 <64 o 1,27  3.81 b5 - 234,20 75 8.5
30 -.60 | 1.26 | 3.78  -4.38 -33.66 60 6.5

CHARGE .

5 : -.36 1032 2.1?8 +10818 ! +25.‘+0 53 5.6
10 1 -k 1,33 2,195 @ +2.055  +28.71 43 b.7
15  =.03 . 1.3% 2,211  +2.181  +30.47 37 3.7
20 4,01 | 1,35 . 2.228 +2.238  +31.26 30 3.0
25 +,07 1.36 2.2 42,314 432,33 28 2.8
30 +.09 | 1,38 0 2,277 42,367 +33.07 25 2.5
35 0 +.10 0 1,39 2,294 42,394 +33.44 22 2.2
Lo +.08 1.40 | 2.310 42,390 . +33.39. 22 2.2
bs C 4,08 | 1.2 ¢ 2,343 +2.423 | +33.85 28 2.8

%1
9.6
22,0
0

v
o
P

D l.48 | 2,442 41,992 +27.83 200
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EXPERIMENTAL SERIES “C"%
_25%c

§ G

,grbipgl,éonditions: ; | I S ER S

' i
1. ) 30 mins. d.c. au 3.00 amps for 255 Depth of d.c.

2.) 62 minJ c. at 1 65 amps for llh’{Recharge Rate

Time = q 3 E j W M | MM Adny- Oxygen
(nins.) (watts) (volts) (watts) (watt-se¢)(kca1/ drode Press.
. ’ equiv) (mv) (P.S.I.A.)

DISCHARGE

0 | -5 149 - 447 2492 0 -37.81 170 25,0

5 =75 1 134 0 L.02 <477 -36.66, 195 > 29.0

10 -e76 ¢ 1,30 . 3.90  -4.66 = -35.81 155 20.5

15 ' =70 1,28 3.84 4,54 . 234,89 120 14.8

20 - =67  1.27 3.81 4,48 - 3443 95 11.2

25  -.62 . 1426 3.78 . b0 . -33.81 75 8.5
30 -e59  1.25 3.75 =k -33.35 62 6.8

CHARGE ‘

5 -37 1.31 © 2.162 +1.792  +25.03 53 5.6

10 -olu 1032 H 2.178 ; +2.038 H +28.‘4? 43 u.?
15 = -.03 1.3% | 2.211 42,181 +30.47 37 3.7

20 . +.03 1.35 | 2.228 +2,258  +3l.54 30 3.0

25  +.,08 1.36 . 2.284 42,324 . +32.47 28 2.8

30 +.07 1.37 2,260  +2.330  +32.55 25 2.5

35 4,09 . 1.38 2,277 +2,367 = +33.07 22 2.2
4o | 4,09 ! 1.40 2,310 | +2.400 | +33.52 22 2.2

b5 | 4,09 . 1.42 2,343  +2.433 | +33.99 28 2.8

50 . 4.0 1 1.k 2.376 - +2.416 . +33.75 40 Lol

55 | =10 | 1,46 2,409 | 42,309 . +32.26 80 8.9

60 : -.30 | 1,48 2,442 | 42,142 | +29.92 160 22,0
P62 1o | 1.8 > 29.0

2,442 | +1.982 | +27.69: 195

+ Qrbit S R i i S S ‘5“‘-';“':-’M‘7:§"'-'l%é» EEEEE



25 C

1l.) 30 nins.vd.c. at
62 mins.;c. at 1.

2.)

|

" Time

i (mins.);(watts)

DISCHARGE

CHARGE

0
5
10

15
20
25
30

10
15
20
25

35

k5
50
55
60

e 4,- SONREENEL kA 3E

 Orbital ConditionS-”,.

1 U

q

e

.68
R -.&

-e59
-6 56
-¢53

-e32
-1k

. =02
+.03

+4,04
+,09
+.07
+.,09
+,07

+,00
=408
(=30

-l

‘(volts)

RHE R R PR

EERE

EXPERIMENTAL SERIES “C*®

E

14
1.71
1.29
1.28

1,26
1.25

EEURBLRE YR

e

Orbit #50

;

Aug. 8, 1966

25% bepth of d.c.

5 amps fbr 1144 Recharge Rate

W

i

1

e

3.93
3.87
3.84

3.78
3475

2.178
. 24178

2,228
' 2,277
v 2,277
2.29%
2.310
24343
. 2393
i 2,409
D 2,442

2.442

E.OO anps for
1
t

AH

2468

. ab4,61

k4,51
443

-4 34
-u.za

+1,.858
+2.038

+2,191

+2.258

C 424317

+2,367

C 42,364
- 42,400

+2.413

L +2.343
: +20329
42,142

+2.032

+28.39

Adhy-
. (watts) (watt-sed) (kcal/ drode

AH
equiv) (mv)
37.58 165
., =35.81 195
-35.42 150
- =3k.66 . 115
o3.04 90
=33e35 75
=32.89 60
+25.96 53
+28.47 L3
+30,61 35
+31.54 30
+32.37 28
+33.07 . 25
" +33,03 22
- +33.53 22
+33.71 28
C+32.73 Lo
c +32.54 82
429,92 160
200

Oxygen

Press,

(PeS.I.A.)

DO FDD DD DWW Fn
O OFKF ON N OO 3O
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EXPERIMENTAL SERIES “C*

. Zj.?c e e = TIITLTNI LML O LTS RTINS S giﬁit_#ég:.
]

Orbital Conditionss .. ...

1.) 30 mins. d.c. at 3,00 amps ;or 25% Depth of d.c.
2.) 62 mins. é. at 1.65 amps fo* 114% Re¢harge Rate
Time a@  E ' W M MM  Adhy- Oxygen

(mins.) (watts) (volts) (watts) (watt-sec) (kcal/ drode  Press.
. , '~ equiv): (mv) (P.S.I.A.)

DISGHARGE
0 -050 1.“9 “’o“? -4.97 -38019 / 170 25.0
5 -7l 1.35 4,05 -4.79 -36.81 195 > 29.0
10 - 076 N 1 032 X 3096 -4072 -36027 ' 152 20.2
15 .o?“ B 1.30 ’ 3.90 -uo6u -35.66 120 1“’.8
20 -.66 1.28 3.84 k.50 ~34,58 93 11.0

25 -6l 1.26 3.78 k42 <33.96 75 8.5
30 -.60 1.26 3.78 438 -33.66 60 6.5

CHARGE

5 -036 1032 20178 +1.818 ! +25040 53 5.6
10 -16 1.32 2,178 +2.018 +28.19 43 4,7
15 -.02 1.34 2,211 +2,191 +30.61 37 3.7
20 +.04 1.35 2,228 +2.,268 +31.68 30 3.0
25 . +.05 1.36 2,244 +2,294 +32,05 28 2.8
30 - +.09 1.38 2.277 +2.367 +33.07 25 2.5
35 +.10 1.39 2,294 +2.394% +33.44 22 2,2
4o +.10 : 1.40 2,310  +2.410 +33.67 22 2.2
45 +,09  1.42 2,343 +2.433 +33.99 26 2.6
50 4,01 145 2.393 +2.,403 . +33.57 4o 4.1
60 . =e32 1.48 2.442 +2.122 +29.64 160 22.0
1.48 29,0

62  =-Jkb 2,442 . 41,982 +27.69 198 >

- 85 -
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EXPERIMENTAL SERIES "“C"

Orbit #70 Aug. 8 1966 N

1.) | 30 mins.
2.) 5 62 mins .
!

Time

DISCHARGE

0

5
10

15
20

25
30

CHARGE

10

15
20

25
30

35

b5
50

60
62

3 7__._.—,.___.1,_ S

|

i

! q
(mins.l (watts)

-.48
. -.76
-

-.65
-.62

. =36
! =el8B
L -.02
Po+,02
; +008
" +,08

+,10
 +e09
L +,06
+.03
=11
32
=50

c. at 1

i - 1__-__www_?,_wm e

1
1

d.c. at43 .00 ampé for 258 Depth of d.c.

5 amps f&r 1148 Rﬁchargo Rdte

i .
E | W | M . MM  Adny-  Oxygen

(volts) (watts) | (watt-seQ) (kcal/ drode Press.
z . equiv) (mv) (P.S.I.A.)

1

b7 | 495  -38.04 168 24.6

1.49
103“ § 1&.02 ) -“‘.78 -36073 195 > 2900
1.31 © 3.93  -4.70  -36.12 . 152 20,2
1.30 ° 3.90 4.6l =35.66 118 14.5
1.28 | 3.84  b,52  -3M.7h 92 10.9
1.26 . 3.78 | <443 -34.04 75 8.5
1.32 | 2,178 +1.918 +26.79 53 5.6
1.32 2,178  +1.998 . +27.91 43 4.7
1.3 2,211 © 42,191 +30.61 38 3.8
1.35 | 2.228 ° 42,248 +31.40 30 3.0
1.36 2,244 - +2.324 ¢ +32.47 28 2.8
1.38 2,277 | +2.357  +32.93 22 2.2
1.39 2.294 | +2.394; +33.44 22 2.2
1.40 | 2,310 | +2.400 : +33.52 22 2.2
1.2 2,343 +2.403 | +33.57 26 2.6
1.45 1 2,393 +2.423 +33.85 40 L,1
146 | 2,409 | +2.299 +32.12 80 8.9.
1.48 | 2,442 | 42,122 | +29.64 . 160 22.0
> 29.0

148 2,442 | 41,942 +27.13 202




DISTRIBUTION LIST

NASA and JPL

National Aeronsutics & Space Admin.

Scientific and Technical Information
Facility

College Park, Maryland 20740

Attn: NASA Representative

National Aeronautics & Space Admin.
Washington, D.C. 20546
Attn: RNW/E.M. Cohn

National Aeronautics & Space Admin.
Washington, D.C. 20546
Attn: FC/A. M. Greg Andrus

National Aeronautics & Space Admin.
Goddard Space Flight Center
Greenbelt, Maryland 20771

Attn: Thomas Hennigan, Code 716.2

National Aeronautics & Space Admin.
Goddard Space Flight Center
Greenbelt, Maryland 20771

Attn: Joseph Sherfey, Code 735

National Aeronautics & Space Admin.
Langley Research Center

Instrument Research Division
Hampton, Virginia 23365

Attn: John L, Patterson, MS-234

National Aeronautics & Space Admin.
Langley Research Center

Instrument Research Division
Hampton, Virginia 23365

Attn: M. B. Seyffert, MS 112

National Aeronautics & Space Admin.
Lewis Research Center

21000 Brookpark Ropd

Cleveland, Ohio 44135

Attn: N, D. Sanders, MS 302.1

National Aeronautics & Space Admin.
Manned Spacecraft Center

Houston, Texas 77058

Attn: James T. Kennedy (EE-5)

- 87 -

National Aeronautics & Space Admin.
Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attn: R.L. Cummings, MS 500-201

National Aeronautics & Space Admin.
Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attn: R.R. Miller, M5 500.202

National Aeronautics & Space Admin.
Geo. C. Marshall Space Flight Center
Huntsville, Alabama 35812

Attn: Philip Youngblood

National Aeronautics & Space Admin.
Geo. C. Marshall Space Flight Center
Huntsville, Alabama 35812
Attn: Richard Boehme

Bldg. 4487-BB

National Aeronautics & Space Admin.
Manned Spacecraft Center

Houston, Texas 77058

Attn: William R. Dusenbury
Propulsion & Energy Systems Branch
Bldg. 16, Site 1

National Aeronautics & Space Admin,
Manned Spacecraft Center

Houston, Texas 77058

Attn: Robert Cohen

Gemini Project Office

National Aeronautics & Space Admin,
Manned Spacecraft Center

Houston, Texas 77058

Attn: Richard Ferguson (EP-5)

National Aeronautics & Space Admin.
Manned Spacecraft Center

Houston, Texas 77058

Attn: Forrest E. Eastman (EE-4)



National Aeronautics & Space Admin,
Ames Research Center

Pioneer Project

Moffett Field, California 94035
Attn: James R. Swain/A. S. Hertzog

National Aeronautics & Space Admin.
Ames Research Center
Moffett Field, California 94035
Attn: Jon Rubenzer

Biosatellite Project

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California 91103
Attn: Aiji Uchiyama

Department of the Army

U. S. Army Engineer R&D Labs.
Fort Belvoir, Virginia 22060
Electrical Power Branch
SMOFB-EP

Commanding Officer

U. S. Army Electronics R&D Labs,

Fort Monmouth, New Jersey 07703

Attn: Power Sources Division
Code SELRA/PS

Research Office

Rand D. Directorate
Army Weapons Command
Rock Island, Illinois
Attn:

61201
Mr. G. Riensmith, Chief

U. S. Army Research Office
Box CM, Duke Station

Durham, North Carolina 27706
Attn: Dr. Wilhelm Jorgensen

Natick Laboratories

Clothing and Organic Materials Div.
Natick, Massachusetts 01760

Attn: Robert N. Walsh/G.A. Spano

Harry Diamond Laboratories

Room 300, Building 92

Conn., Ave. & Van Ness Street, N.W.
Washington, D.C. 20438

Attn: Nathan Kaplan

- 88 -

Army Material Command
Research Division
AMCRD-RSCM.T-7
Washington, D.C.
Attn:

20315
John W. Crellin

Army Material Command
Development Division

AMCRD-DE.MO.P
Washington, D.C. 20315
Attn: Marshall D. Aiken

U.S. Army TRECOM
Fort Eustis, Virginia 23604
Attn: Dr. R. L. Echols (SMOFE-PSG)

U. S. Army TRECOM
Fort Eustis, Virginia 23604
Attn: Leonard M. Bartone (SMOFE-ASE)

U. S. Army Mobility Command

Research Division

Center Line, Michigan 48090
Attn: O. Renius (AMSMO-RR)

Depgrtment of the Navy

Office of Naval Research
washington, D.C. 20360
Attn: Head, Power Branch, Code 429

Office of Naval Research
Department of the Navy
Washington, D.C. 20360
Attn: H. W. Fox, Code 425

Naval Research Laboratory
Washington, D.C. 20390
Attn: Dr. J. C. White, Code 6160

U. S. Navy

Marine Engineering Laboratory
Annapolis, Maryland 21402
Attn: J. H. Harrison

Bureau of Naval Weapons
Department of the Navy
Attn: Whitewell T. Beatson
(C8de RAAE-52)



Bureau of Naval Weapons
Department of the Navy
Washington, D.C. 20360

Attn: Milton Knight (Code RAAE-50)

Naval Ammunitiom Depot
Crane, Indiana 47522
Attn: E. Bruess/H. Shultz

Naval Ordnance Laboratory
Department of the Navy
Corona, California 91720

Attn: William C. Spindler (Code Lu1)

Naval Ordnance Laboratory
Department of the Navy

Silver Spring, Maryland 20900
Attn: Philip B. Cole (Code WB)

Bureau of Ships

Department of the Navy
Washington, D.C. 20360

Attn: C. F. Viglotti (Code 660)

Bureau of Ships
Department of the Navy
Washington, D.C. 20360
Attn:

Department of the Air Force

Space Systems Division

Los Angeles AF Station

Los Angeles, California 90045
Attn: SSSD

Flight Vehicle Power Branch
Aero Propulsion Laboratory
Wright-Patterson AFB, Ohio 45433
Attn: James E. Cooper

Air Force Cambridge Research Lab.

L. G. Hanscom Field
Bedford, Massachusetts 91731
Attn: Commander (CRO)

Rome Air Development Center, ESD
Griffis AFB, New York 13442
Attn: Frank J. Mollura (RASSM)

Bernard B. Rosenbaum (Code 340)

-89 -

Other Government Agencies

National Bureau of Standards
Washington, D.C. 20234
Attn: Dr. W. J. Hamer

Office, DDR&E, USE & BSS
The Pentagon
Washington, D.C. 20310
Attn: G. B. Wareham

Mr. Donald B. Hoatson

Army Reactors, DRD

U.S. Atomic Energy Commission
Washington, D.C. 20545

Private Organizations

Aero ject-General Corporation
Chemical Products Division
Azusa, California 91702
Attn: Dr. S. O. Rosenberg

Aeromutronic Division

Phileco Corporation

Ford Road

Newport Beach, California 92660

Aerospace Corporation

P. 0. Box 95085

Los Angeles, California 90045
Attn: Library

Allis-Chalmers Manufacturing Co.
1100 South 70th Street
Milwaukee, Wisconsin 53201
Attn: Dr. P. Joyner

American University

Mass. & Nebraska Avenues, N.W.

Washington, D.C. 20016

Attn: Dr. R. T. Foley,
Chemistry Department

Arthur D, Little, Inc.

Acorn Park

Cambridge, Massachusetts 02140
Attn: Dr. Ellery W. Stone



Atomics International Division
North American Aviation, Inc.
8900 De Sota Avenue
Canoga Park, California
Attn: Dr. H. L. Recht

91304

Battelle Memorial Institute
505 King Avenue

Columbus, Ohio 43201

Attn: Dr. C. L. Faust

Bell Laboratories
Murray Hill, New Jersey 07971
Attn: U. B. Thomas/D. A. Feder

The Boeing Company
P. O. Box 98124
Seattle, Washington 98124

Borden Chemical Company

Central Research Lab.

P. O. Box 9524

Philadelphia, Pennsylvania 19124

Burgess Battery Company
Foot of Exchange Street
Freeport, Illinois 61032
Attn: Dr. Howard J. Strauss

C & D Batteries

Division of Electric Autolite Co.
Conshohocken, Pennsy}vania 19428
Attn: Dr. Eugene Willihngenz

Calvin College
Grand Rapids, Michigan 49506
Attn: Prof. T. P. Dirkse

Catalyst Research Corporation
6101 Falls Road

Baltimore, Maryland 21209
Attn: J. P. Wooley

Chem Cell Inc.

3 Central Avenue

East Newark, N.J. 07029
Attn: Peter D. Richman

Delco Remy Division
General Motors Corporation
2401 Columbus Avenue
Anderson, Indiana 46011
Attn: Dr. J. J. Lander

- 90 -

Douglas Aircraft Company, Inc.
Astropower Laboratory

2121 Campus Drive

Newport Beach, California 92663
Attn: Dr. Carl Berger

Dynatech Corporation

17 Tudor Street
Cambridge, Massachusetts
Attn: R. L. Wentworth

02138

Eagle-Picher Company
Post Office Box 47
Joplin, Missouri 64802
Attn: E. M. Morse

Elgin National Watch Company
107 National Street

Elgin, Illinois 60120

Attn: T. Boswell

Electric Storage Battery Co.
Missile Battery Division

2510 Louisburg Rd.

Raleigh, North Carolina 27604
Attn: A. Chreitzberg

Electric Storage Battery Co,.

Carl F. Norberg Research Center

19 West College Avenue

Yardley, Pennsylvania 19068

Attn: Dr. R.A.Schaefer/W. S. Herbert

Electrochimica Corporation
1140 O'Brien Drive

Menlo Park, California 94025
Attn: Dr. Morris Eisenberg

Electro-Optical Systems, Inc.
300 North Halstead

Pasadena, California 91107
Attn: E. Findl

Emhart Manufacturing Co.

Box 1620

Hartford, Connecticut 06101
Attn: Dr. W. P. Cadogan

Engelhard Industries, Inc.
497 Delancy Street
Newark, New Jersey 07105
Attn: Dr. J. G. Cohn



Dr. Arthur Fleischer
466 South Center Street
Orange, New Jersey 07050

General Electric Company

Schenectady, New York 12301

Attn: Dr. R.C. Osthoff/Dr. W. Carson
Advanced Technology Lab.

General Electric Company
Missile & Space Division
Spacecraft Department

P. 0. Box 8555

Philadelphia, Pennsylvania 19101
Attn: E. W. Kipp, Room T-2513

General Electric Company
Battery Products Section
P. 0. Box 114

Gainsville, Florida 32601

General Electric Company
Research Laboratories
Schenectady, New York 12301
Attn: Dr. H. Liebhafsky

General Motors-Defense Research Labs,
6767 Hollister Street

Santa Barbara, California 93105

Attn: Dr. J.S.Smatko/Dr. C.R. Russell

Globe-Union, Incorporated
900 East Keefe Avenue
Milwaukee, Wisconsin 53201

Gould-National Batteries, Inc.
Engineering and Research Center
2630 University Avenue, S.E.
Minneapolis, Minnesota 55418
Attn: J. F. Donahue

Gulton Industries

Alkaline Battery Division
212 Durham Avernue
Metuchen, New Jersey 08840
Attn: Dr. Robert Shair

Hughes Aircraft Corporation
Centinda Ave. & Teale St.
Culver City, California 90230
Attn: T. V. Carvey

Hughes Aircraft Corporation
Bldg. 366, M.S. 524

El Segundo, California 90245
Attn: R. B. Robinson

- 91 -

Hughes Research laboratories Corp.

3011 Malibu Canyon Rd.
Malitu, California 90265

ITT Research Institute
10 West 35th Street
Chicago, Illinois 60616
Attn: Dr. H. T. Francis

Institute for Defense Analyses
RZE Support Division

400 Army-Navy Drive

Arlington, Virginia 22202
Attn: Mr.R. Hamilton/Dr. Szego

Idaho State University
Department of Chemistry
Pocatello, Idaho 83201
Attn: Dr. G. Myron Arcand

Institute of Gas Technology
State and 34th Street
Chicago, Illinois 60616
Attn: B. S. Baker

Johns Hopkins University
Applied Physics Laboratory
8621 Georgia Avenue

Silver Spring, Maryland 20910
Attn: Richard Cole

Johns-Manville R&E Center
P. 0. Box 159

Manville, New Jersey 08835
Attn: J. S. Parkinson

Leesona Moos Laboratories

Lake Success Park, Community Drive

Great Neck, New York 1102]
Attn: Dr. H. Oswin

Livingston Electronic Corporation

Route 309

Montgomeryville, Pennsylvania 18936

Attn: William F. Meyers
Lockheed Missiles & Space Company
3251 Hanover Street

Palo Alto, California 93404
Attn: Library

Mallory Battery Company

60 Elm Street

North Tarryton, New York 10593
Attn: R. R. Clune



P. R. Mallory & Co., Inc.
Northwest Industrial Park
Burlington, Massachusetts 02103
Attn: Dr. Per Bro

P. R. Mallory & Co., Inc.
3029 E. Washington Street
Indianapolis, Indiana 46206
Attn: Technical Librarian

Melpar

Technical Information Center
3000 Arlington Blvd.

Falls Church, Virginia 22046

Metals and Controls Division
Texas Instruments, Inc.

34 Forest Street

Attleboro, Massachusetts 02703
Attn: Dr. E. M. Jost

Midwest Research Institute
425 Volker Boulevard

Kansas City, Missouri 64110
Attn: Dr. B. W. Beadle

Monsanto Research Corporation
Everett, Massachusetts 02149
Attn: Dr. J. O. Smith

North Amerfican Aviation, Inc.
Rocketdyne Division

6633 Canoga Avenue

Canoga Park, California 91303
Attn: ILdibrary

North American Aviation, Inc.
12214 Lakewood Boulevard
Downey, California 90241
Attn: Burton M. Otzinger

Dr. John Owen
P. O. Box 87
Bloomfield, New Jersey 07003

Power Information Center
University of Pennsylvania
Moore School Building

200 South 33rd Street

Philadelphia, Pennsylvania 19104

Power Sources Division
Whittaker Corporation

9601 Canoga Avenue
Chatsworth, California 91311
Attn: Dr. M. Shaw

Philco Corporation

Division of the Ford Motor Co.
Blue Bell, Pennsylvania 19422
Attn: Dr, Phillip Cholet

Radiation Applications, Inc.
36-40 37th Street
Long Island City, New York 11101

Radio Corporation of America
Astro Division
Hightstown, New Jersey 08520
Attn: Seymour Winkler

Radio Corporation of America
P. 0. Box 800

Princeton, New Jersey 08540
Attn: I. Schulman

Radio Corporation of America
Somerville, New Jersey 08873
Attn: Dr. H. S. Lozier

Southwest Research Institute
8500 Culebra Road

San Antonio, Texas 78206
Attn: Dr. Jan Al

Sonotone Corporation

Saw Mill River Road
Elmsford, New York 10523
Attn: A. Mundel

Texas Instruments, Inc.

13500 North Central Expressway
Dallas, Texas 75222

Attn: Dr. Isaac Trachtenberg

Thomas A. Edison Research Laboratory

McGraw Edison Company
Watchung Avenue

West Orange, New Jersey 07052
Attn: Dr. P. F. Grieger

TRW Systems, Inc.
One Space Park
Redondo Beach, California 90278

Attn: Dr. A. Krausz,Bldg. 60, Rm 929

TRW Systems Inc.

One Space Park

Redondo Beach, California 90278
Attn: Dr. Herbert P. Silverman



TRW, Inc.

23555 Euclid Avenue
Cleveland, Ohio 44117
Attn: Librarian

Tyco Laboratories, Inc.

Bear Hill

Hickory Drive

Waltham, Massachusetts 02154
Attn: W, W. Burnett

Union Carbide Corporation
Development Laboratory Library
P. 0. Box 6056

Cleveland, Ohio L4101

Union Carbide Corporation
Parma Research Center

P. 0. Box 6116

Cleveland, Ohio 44101
Attn: ILibrary

University of California
Space Science Laboratory
Berkeley, California 94720
Attn: Dr. C. W. Tobias

University of Pennsylvania
Electrochemistry Laboratory
Philadelphia, Pennsylvania 19104

Western Electric Company
Suite 802, RCA Bldg.
Washington, D. C. 20006
Attn: R. T. Fiske

Westinghouse Electric Corporation
Research & Development Center
Churchill Borough

Pittsburgh, Pennsylvania 15235

Whittaker Corporation

P. 0. Box 337

Newbury Park, California 91320
Attn: Mr. John Rhyne

Whittaker Corporation
3850 Olive Street
Denver, Colorado 80237
Attn: Borch Wendir

« 93 -

Yardney Electric Corporation
40-50 Leonard Street

New York, New York 10013
Attn: Dr. Geo. Dalin




